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Executive Summary

EXECUTIVE SUMMARY

A one-yearhydrogeologicinvestigationwas conductedin the northwesternpart
of Springfieldand the adjacentpart of GreeneCountyto determinethe hydrologic
characteristicsof the groundwatersystemin the area. Thereare three sites in this area
where groundwatercontaminationis knownto have occurred,or where the disposal
of wasteshas createda threat of groundwatercontamination. These sites are the
Fulbrightand Sac River landfills,and the NorthU Drivearea. A major concern in
this studywas the effectsthat Fulbrightwell#1has on the directionand rate of ground-
watermovementin the studyarea.

Waterlevels froma networkof 16observationwells(12 opento the Ozarkaquifer
and four completedin the shallowerSpringfieldPlateauaquifer),weremonitoredfrom
late March 1993,throughJanwuy 1994. Fourof the wellswereequippedwith digital
water-levelrecordersto measurehourlywater levels. Waterlevels in the other wells
were eithermeasuredmanuallywith an electricprobe,or using existingair lines and
pressuregauges.

Water-leveldata collectedfrom wells opento the Ozarkaquifer show that when
Fulbrightwell #1 is not operating,the potentiometricsurfaceof the Ozark aquifer
between FulbrightWater TreatmentPlant and the NorthwestWastewaterTreatment
Plant has a very low gradienttowardFulbrightwell #1. However,after Fulbright
well #1 has been pumping for an extendedperiod, it createsa cone of depressionthat
extends morethan a mile fromthe well. If Fulbrightwell #1 is operatedat least one
month per year, its capturezone likely includesthe Ozarkaquiferbeneath the
Fulbright Landfilland the North U Drivearea.

Water-leveldata collectedat Fulbrightwell #2 showsthat there is a downward-
flow potential betweenthe SpringfieldPlateauaquiferand the Ozarkaquifer at the
southeasternend of the FulbrightLandfillat all times. The head differencebetween
the two aquifers increasesfrom about 45 ft whenFulbrightwell #1 is not pumping to
about 130 ft whenthe well has been operatingfor two months.

Hydrologicanalysesshow that under certainconditionsit is possible for
groundwater in the FulbrightLandfill to have movedto Fulbrightwell #1, either
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throughthe SpringfieldPlateauaquiferor throughthe Ozarkaquifer. However,water-
qualitydatafromwell#1does not indicatethat thishas occuned A monitoringwell
opento zonesabovethe NorthviewFormationshouldbe placedbetweenthe Fulbright
LandfillandFulbrightwell#1to see if contaminantsare migratingtowardthe well in
the SpringfieldPlateauaquifer. Fulbrightwell#2 canbe usedto determineif contami-
nants fromthe FulbrightLandfIllhavemoveddownwardthroughthe Northview
Formationinto the Ozarkaquifer,andare movingtowardwell#1 throughthe Ozark
aquifer.

Data collectedduringthis study, combinedwith existing information,indicates
that FulbrightLandfIllwas not a sourceof contaminantsfor the North U Drive site.
Previousdye tracing studiesand water-leveldata show groundwaterin the Spring-
field Plateau aquiferat North U Drive flowsnorthtowardthe FulbrightLandfill.
Based on water-leveldata collectedduringthis study, groundwaterin the Ozark
aquifer in the North U Drivearea moves towardFulbrightwell#1 at all times.
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Introduction

INTRODUCTION

Groundwaterin the northwesternpart of Springfield,Missouri, and the adjacent
unincorporatedarea of GreeneCounty,has been extensivelystudied duringthe past
severalyears. This area, referredto as the Fulbrightarea (fig. I), containsseveral
sites wherepast waste disposalpracticesand accidentalspills may have locally
impactedgroundwaterquality. Two landfills,both now closed,operatedin this area
on the floodplainsof the Little Sac Riverand its tributary,the SouthDry Sac River.
The Fulbright Landfill operatedfrom about 1962to 1969,and disposedof wastes in
trenchesconstructed in alluviumon the floodplainof South Dry Sac River between
its confluencewith Pea Ridge Creekand near old Highway 13. The Sac River Land-
fill operatedfrom 1968to 1974,and is downstreamof new MissouriHighway 13 on
the north side of the Little Sac River. Reportedlyboth landfills receiveda varietyof
wasteproducts includingliquid and solid industrialwastes containinghigh levels of
metals, strongacids, and cyanidewastes(SCS [Steams,Conradand SchmidtConsult-
ing Engineers,Inc.], 1988).

In 1983, residents in the North U Drivearea began complainingof taste and
odor problems in private domesticwells in the subdivision. Subsequentsampling
showed most of the COD~min~Jntsto be petroleum-relatedhydrocarboncompounds,
although a few chlorinatedvolatile organiccompoundswere identified(Ecologyand
Environment, 1992). Water lines were installedto provide water from Springfield
City Utilities to most ofthe residencesin the North U Drivearea, and most of the
private wells (68) were pluggedto help prevent furthercontaminationof deeper
aquifer zones.

In January 1993, the MissouriDepartmentof Natural Resources,Division of
Geologyand Land Survey(DGLS),enteredintoa ManagementAssistanceCooperative
Agreement(MACA)with Region7 of the EnvironmentalProtectionAgencyto conduct
a limitedgroundwaterstudy in the Fulbrightarea. Existingdata showthat recent
samplesof leachate,collectedat both SacRiverand Fulbrightlandfills,containedhigh
lead concentrations;elevatedleadlevelswerealso found in monitoringwells at both
landfills(SCS , 1988). Watersamplingin the North U Driveareaalso showedelevated
lead levels in severalwells (Ecologyand Environment,1992).Themajorobjectiveof
the presentstudy is to determineif the Fulbrightor SacRiver landfillsmay have

3
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impacted groundwater quality at the North U Drive site. Also, previous work by SCS
(1988) indicated that deep groundwater movement was to the northwest away ftom the
City of Springfield. However, the SCS study (1988) did not consider the effects of
pumping Fulbright well #1, which is less than 2,000 ft from the southeast end of
Fulbright Landfill.

The department's Divisionof Geologyand Land Survey undertookseveral
activitiesto address the aforementionedconcerns. Existingwater-qualitydata from
all three sites, plus data suppliedby SpringfieldCity Utilities from Fulbrightwell #1,
wereexamined. A well inventorywasconductedto identifygroundwaterusers in the
Fulbrightarea. Well ownerswerecontactedand askedto provideinformationabout
their wells includingtotal depthand casingdepth. A networkof water-levelmonitor-
ing wells was established,and waterlevelsweremeasuredat regular intervals. A
total of 16wells, 12 opento the Ozarkaquiferand four completedinto the Spring-
field Plateauaquifer, were monitoredfrom lateMarch, 1993,throughthe completion
of the study. Four of the wells wereequippedwith Stevensmodel 7001 digitalwater-
level recordersto measurehourly water-levelchanges. The remainingwells were
measuredby hand using eithera Solinstelectricwater-levelprobe, or by using
previouslyinstalledair lines and pressuregauges. A aquifertest lastingmore than 60
days was conductedin August, September,and early October 1993when Springfield
City Utilitieswas pumpingFulbrightwell #1. The monitoringwell networkservedas
observationwells duringthe pumpingtest. Water-leveldata were used to construct
two potentiometricmaps; one from data collectedbefore Fulbrightwell #1 was
activated,and the other after two monthsof nearlycontinuouspumping.

Selectedwells were geophysicallyloggedwith a gammaprobe to determinethe
thicknessof the NorthviewFormationat thosewells. Existingwell logs on file with
the Divisionof Geologyand Land Surveywere also used to determinethe thickness
of the NorthviewFormationin the Fulbrightarea. Well logs and recentgeologic
mappingby Middendorf(1990)wereused to constructa southwestto northeast
geologic cross-sectionthrough the Fulbrightarea.
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Figure 10 Location map showing the Fulbright area, Greene County, Missouri.
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Geologic Setting

GEOLOGIC SETTING

Stratigraphy

The Fulbright area is underlainby Mississippianage and older sedimentary
rocks that have a total thicknessof more than 2,000 ft. The surficialbedrockunits in
the area are Mississippianage chertylimestonesand shale. LowerOrdovicianand
Cambrian sedimentaryrocks underliethe Mississippianrocks at depth. Precambrian
igneous and metamorphicrocks underliethe Paleozoic sedimentaryrocks.

The Burlington-KeokukLimestoneis the youngest bedrockunit exposedin the
Fulbrightarea, and is the surf3cebedrockunit over much of area. It consists of up to
about 130 ft of fossiliferouslimestoneand cherty limestone. It is underlainby lower
OsageanSeries carbonatesand cherty carbonatesincludingthe Pierson, Reeds
Spring, and Elsey formations,whichreacha combinedthicknessof nearly 120 ft in
the area. Combined,the aboveunits rangefrom less than 100ft to about225 ft thick.

The KinderhookianSeriesis representedin the area by the NorthviewFormation
and the ComptonFormation. TheNorthviewFormationconsistsof 25 to 50 ft of shale
and siltstone. In the Fulbrightarea, it reachesa maximumthicknessof about 50 ft near
McDanielLake,and thins to 25 to 30 ft in the southernpart of the studyarea. Thick-
ness of the NorthviewFormationin the FulbrightLandfillarea is approximately35 ft.
The ComptonFormationis a cleanlimestonecontaininglittle chert. Theunit is
relativelythin in the Fulbrightarea, rangingfromabout 10ft in the northernpart of the
study areato about 20 ft in the southernpart.

The Mississippianstrataare underlainby about 1800feet of Ordovicianand
Cambriansedimentaryrock. In descendingorder,the Ordovicianstrataconsistof the
Cotter Dolomite, the JeffersonCity Dolomite,the RoubidouxFormation,and the
GasconadeDolomite. The Cotter Dolomiteconsists of about 100-150ft of dolomite
and chert with minor sandstoneand shalebeds. Chert and shale content is generally
less than ten to 15percent. The most notablesandstonebed, the Swan Creek
Sandstone,is about 50 ft belowthe top of the unit and is from about 5-10 ft thick.
The underlyingJeffersonCity Dolomiteis quite similar to the Cotter,but the
Fulbrightarea generallyhas a higherchert content of about 25 percent. Like the

9
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Cotter, it contains minor shale and sandstone beds. The Jefferson City Dolomite is
about 200 ft thick in the Fulbright area.

The RoubidouxFormation,consistingof about 175ft of interbeddedsandstone,
sandy dolomite,and cherty dolomite,underliesthe JeffersonCity Dolomite. Chert
content inparts of the Roubidouxcan be 50 to 70percent. Thesandstoneis generally
most prevalentin the lowerpart of the formation. TheGasconadeDolomite,which is
the basalOrdovicianunit in this area, is about350 ft thick. The UpperGasconade
consistsof 40-50 ft of cleandolomitewith relativelylowchert content. The Lower
Gasconade,which is about250 ft thick, is morecoarselycrystallinethan the Upper
Gasconade,and has a muchhigherchertcontent. Chertcontentof the LowerGascon-
ade varies fromlessthan 10percentto morethan 70percent. Thebasalmemberof
Gasconadeis the GunterSandstonemember,whichis about40 feet thick in the
Fulbrightarea. The Gunteris a dolomiticsandstoneand sandstone.

Upper Cambrianstrataunderliethe Ordovicianrocksand consist chiefly of
cherty dolomites. The EminenceDolomiteis the youngestCambrianunit in the area,
and it consistsof about 300 ft of clean dolomitewitha low chertcontent. It is under-
lain by the Potosi Dolomite. In the Fulbrightareathe Potosi is relativelythin, con-
sisting of less than 50 ft of relativelychert-freedolomite. In many areasof the
Ozarks, the Potosi containsabundantquartzdruse. In the Fulbrightarea, however,
the quartz is absent.

The Derbyand Doerundolomiteunderliethe PotosiDolomite. Togetherwith the
Davis Formation,a shaleand siltstone,theseunits forma confiningunit that greatly
limits verticalcirculationof groundwater. Sincewells in the Fulbrightareaproduce
only fromzonesabovethe DoerunDolomite,thesedeeperunits will not be discussed.

Structural Geology

Several faults and folds occur in the Fulbrightarea that affectthe attitude of the
bedrock, and may affect the movementof groundwater. Middendorf(1992) mapped
the geology of the Ebenezer7.5 minute quadrangle,whichcoversthe Fulbrightarea.
In the area south of the North U Drive site he foundevidenceof two east-westfault
zones with shorternorth-southfaults betweenthem. The northernmostfault, referred
to here as the Fulbrightfault, is downthrownon the north side, and may have as much
as 80 feet of verticaldisplacementon the westernside of the studyarea. To the east,
displacementdecreasesmarkedly. The downthrownside of the southernmostfault is
on the south side of the fault. Well log data does not clearlydefinethe presenceof
this fault, and verticaldisplacementmay be relativelyminor.

A structurecontourmap drawn on the base of the NorthviewFormationwas
constructedfromwell logdata (fig.2). Subsurfacedatashowsthat bedrockin the

10
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Figure 2. Structure contour map drawn on the base o/the Northview Formation. contour
interval = 1 ft. Fault locations from Middendoif, 1992.
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northernpartof the studyareagenerallydips to the southwestintoa minorsyncline
that parallelsthe Fulbrightfault and plungesto the west. Well log data and geophysi-
callogs of wells in the North U Drivearea indicatethat the Fulbrightfault may be
farther south than the geologicmap indicates. Southof the fault, bedrockdips
generallyto the north. Total structuralrelief in the study area is about 150ft. Based
on the structuralcontourmap, dip of the bedrockin the Fulbrightarea is less than 100
ft/mi. Figure3 is a geologiccross-sectionofthe Fulbrightarea drawnfromgeologic
mapand well log data.

Surficial Materials

Bedrockin the Fulbrightarea is typicallyoverlainby up to 25 feet of unconsoli-
dated residualmaterialsconsistingof red clay and silt, and rock fragments. These
materialsare the insolubleresiduesthat were left after the carbonaterock was chemi-
cally weathered. The surficialmaterialsare generallythickest in the gently rolling
upland areas,and are thin or absenton hill slopesand valleywalls. Averagere-
siduumthickness in the area is about 10ft.

12
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GENERAL HYDROGEOLOGIC SETTING

The sequenceof sedimentatyrock underlyingthe Fulbrightarea comprises
severalaquifersandaquitardshavingspecifichydrologicpropertiesthat greatlyaffect
the potentialmigrationof contaminants. Two distinctaquifersare presentand in use in
the Fulbrightarea; the shallowSpringfieldPlateauaquiferand the deeperOzarkaqui-
fer. An aquitardcalledthe "Ozark confiningunit" separatesthe two aquifersand
impedesthe verticalmovementof waterbetweenthem.

Springfield Plateau Aquifer

The SpringfieldPlateauaquifer is the shallowestbedrockaquifer in the
Fulbrightarea, and is composedof the Mississippianstrataabovethe Northview
Formation. It is an unconfmed,or water-table,aquifer;the top of the aquifer is the land
surface. The aquiferis partiallysaturated,withsaturatedthicknessbeing equalto the
distancebetweenthe water table and the top of the NorthviewFormation. Depthto
water in the aquifervarieswith location.but is generallyless than 80 ft below land
surface in the uplands,and only a few feetbelowlandsurfacein the valleybottoms.

The SpringfieldPlateauaquiferin the Fulbrightareatypicallyyields 5 to 10
gallons of waterper minute(gpm),and is locallyused only forprivatedomesticwater
supply and stock watering. Currentprivatewaterwell constructionstandardsrequire
that, in the Springfieldarea.new wells be casedthroughthe NorthviewFormation,and
produce fromthe Ozarkaquifer. Thus, only olderwellsthat existedbeforeabout 1987
produce fromthe SpringfieldPlateauaquifer.

Althoughthe aquifertypically yields only modestamounts of water, much
higher yields are possiblewherea well intersectssolution-enlargedopenings. The
Springfieldarea is wellknownfor extensivekarstdevelopment. Springs,caves, and
sinkholesabound in the regionas well as the Fulbrightarea. Most of the karst develop-
ment is in the Burlington-KeokukLimestone.

Hydmulicconductivityof the SpringfieldPlateau aquifer varies greatly depend-
ing on the locationand the presence or absenceof solution-enlargedopenings.

15
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Hydraulicconductivityis best measuredby performingcarefullycontrolledpumping
tests on fullypenetratingwells. Such tests are routinelyperformedon high-yield
wells drilledfor irrigation,industry,or public watersupply. They are seldomper-
formedon low-yieldprivate domesticwells. lInesand Emmett(in press) estimate
hydraulicconductivityof the SpringfieldPlateauaquiferto averageabout 2.5 x 10'"
ft/sec (21.6 ft/dayor 162gpdlft2). This valuewas estiniatedusing a previously
calibratedsteady-stategroundwaterflow model. The relativelyhigh hydraulic
conductivityused in the model likely reflectsa value whichaveragesrelativelylow
hydraulicconductivityzones, with the much higherhydraulicconductivitiesassoci-
ated with karst conduits. Hydraulicconductivityof the aquiferaway from karst
conduits or solution-enlargedopeningsis likelymuch lower.

Ozark Confming Unit

The Ozarkconfiningunit occursbetweenthe SpringfieldPlateau aquifer and the
underlyingOzarkaquifer. In the Fulbrightarea, it consistsof the NorthviewForma-
tion and the underlyingComptonFormation. However,the NorthviewFormationhas
the lowest hydraulicconductivityand the greatestthicknessof low-permeabilityshale
and siltstone. Althoughit greatly reducesthe verticalmovementof water between
the overlyingand underlyingaquifers, the Ozarkconfiningunit is not an imperme-
able unit. Verticalhydraulicconductivityhas been estimatedby numerousworkers
using a varietyof methods,but has not been directlymeasuredin most areas. In the
Springfieldarea, Emmettand others (1978) estimatedthe verticalhydraulicconduc-
tivity ofthe NorthviewFormationto be about 1 x 10-9ft/sec. Immes(1989) de-
scnbed estimationof the hydraulicconductivityof the Springfieldconfiningunit
using a regionalgroundwaterflow model of the OzarkPlateau. A hydraulicconduc-
tivity of from 1 x lo.s ft/sec (8.6 x 10'"ft/dayor 6.5 x 10-3gpdlft2)to S x lo.s ft/sec
(4.3 x 10-3ft/day or 3.2 x 10-2gpdlft2)wascalculated,which is sevemlorders of
magnitudelowerthan that of the aquifersabove and below it.

Figure4 showsthicknessof the NorthviewFormationin the study area. The
unit is thickest in the northeastpart of the areaaroundMcDanielLake,and it thins to
the southand west to a minimumof about2S ft. In the centmlpart of the study area,
includingthe SacRiver Landfill,FulbrightLandfill,andNorth U Driveareas, it is
from about 35 to 45 ft thick.

Ozark Aquifer

The Ozarkaquifer is the most widespreadand highest yieldingbedrockaquifer
in southernMissouri. It providesprivateand public watersupply to most of the
people in the Ozarks. Additionally,it suppliesspring rechargeand stream inflowto
most of the springsand streamsin the Salemplateau. In the Springfieldarea, the

16
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Ozark aquifer consistsof lowerOrdovicianand upper Cambrianunits betweenthe
base of the ComptonFormationand the top of the DoerunDolomite. It consists, in
descendingorder, of the Cotter Dolomite,JeffersonCity Dolomite,Roubidoux
Formation,GasconadeDolomite,EminenceDolomite,and Potosi Dolomite. In much
of the SpringfieldPlateauarea, includingthe Fulbrightarea, it is a confinedaquifer
with a satwated thicknessof about 1,200ft. Saturatedthicknessdecreasesa few
miles to the south of the studyarea in the center of Springfieldwheregroundwater
withdrawalshave loweredthe potentiometricsurfaceof the Ozarkaquifer to below
the Ozarkconfiningunit. The aquiferis fully satwated in the Fulbrightarea except
when Fulbrightwell #1 is in operation. Then,the potentiometricsurfaceof the
aquifer near well #1 declinesbelowthe base of the Springfieldconfmingunit.

Yields of wells fully penetratingthe Ozarkaquifer typicallyaverage 1,000gpm
in the Springfieldarea. Specificzones in the aquifer,however,are much more
productivethan others. Wellsproducingfrom the JeffersonCity and Cotter dolo-
mites typically yield less than 50 gpm. The highestproducingzonesare in the
Roubidoux Formation,Lower GasconadeDolomite, Gunter Sandstonemember,
EminenceDolomite,and Potosi Dolomite. Immesand Emmett(in press) estimatethe
lateralhydraulicconductivityof the Ozarkaquiferto be from8.0 x 10-sft/sec (6.9 ft/
day or 51.7 gpm/ft2)to 1.3x 1()-4ft/sec(11.3 ft/day or 84.0 gpdlft2). Assuminga
saturatedthickness of 1,200ft, this equatesto a transmissivityof between 13,560ft2/
day (101,422gpdlft)and 8,280ft2/day(61,900gpdlft).
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GROUNDWATER-LEVEL FLUCTUATIONS AND TRENDS IN
THE FULBRIGHT AREA

A major componentof this investigationis to better definethe hydrologic
characteristicsand relationshipsof the SpringfieldPlateauand Ozarkaquifers in the
Fulbrightareas. A networkof 16groundwater-levelmonitoringwells was estab-
lished to quantifywater-levelfluctuationsin the study area, and to help determinethe
factors which affect the configurationof the potentiometricsurface. Locationsof the
wells are shown in figure 5.

It was beyondthe scopeof this study to constructdedicatedmonitoringwells to
be used for water-levelmeasurements,so existingwells had to be locatedand, where
necessary,modifiedto allow water levels to be measured The wells varied greatly
in age, total depth,and quality of construction. Most of the wellsused as monitoring
wells duringthis study were originallydrilledas private or public water supply wells.
All of them are bedrockwells, and producefromcompetentrock. Well screensare
not typically used in settingssuch as this becausethereare fewproblemswith drill-
hole stability. Only one well, North U Driveshallowmonitoringwell, contains well
screen. Badly weatheredrock necessitatedusingwell screento keepthe hole from
collapsing(Ecologyand Environment,1992). Also, it is the onlywell monitored
whichcontainsplasticcasing. The remainingwellscontainsteelcasing,and have open
holes belowthe casing.

The casing depthsof the SpringfieldPlateauaquiferwells are all quite shallow,
and most do not appearto be pressuregrouted Sincethey are drilled into a shallow,
unconfinedaquifer,the qualityof the casingand whetherit is fully grouted has little
impact on water-levelmeasurements. The same does not holdtrue, however, for the
Ozarkaquifer wells. Here, the length of the casing,as well as howthe casing is
sealed, has a muchgreatereffecton water-levelmeasurements.Waterlevels measured
from wells containingpressure-groutedcasingset completelythroughthe Northview
Formationreflectthe pressureheadof the confinedOzarkaquifer. Wells drilled into
the Ozarkaquiferthat are eithernot casedthroughthe NorthviewFormation,or contain
casingthat is not pressuregrouted,mayhavewater levelsthat are an "average" of the
two aquifers.
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The monitoringwell networkestablishedfor this studyconsistsof fourwells open
only to the SpringfieldPlateauaquifer. In this reportthese wellsare referredto as the
Quarrywell,North U Driveshallowwell, USGSFulbright well, andUSGSMcDaniel
Lake well. The remaining12wellspenetratevaryingthicknessesof the Ozarkaquifer.
Eight of these wells fullypenetratethe Ozarkaquifer,but of the eight, onlysix contain
adequatelengthsof pressure-groutedcasingto excludewaterfromthe Springfield
Plateauaquifer. The six tightlycased,fully-penetratingOzarkaquiferwellsare
Fulbrightwell#2, and McDanielLakewells#4, #5, #6, #7, and #9. The two fully-
penetratingwellsthat are not fullycasedandgroutedthroughthe NorthviewFormation
are Fulbrightwells #1 and #3. Ofthe remainingfourwellsthat partially-penetratethe
Ozarkaquifer,three containpressure-groutedcasingset throughthe NorthviewForma-
tion. Theseare CentralBible Collegewell#2, NorthU Drivedeepmonitoringwell,
andNorthwestWastewaterTreatmentPlantwell. Theremainingpartially-penetrating
Ozarkaquiferwell is SouthwestBy-Productswell,whichis casedthroughthe
NorthviewFormation,but is notpressuregrouted.

It is difficultto estimatehow much the inadequatecasing affects water-level
measurementsin the wells that are either not casedthroughthe NorthviewFormation,
or that containcasing that was not pressuregrouted. Becausethe water level in the
SpringfieldPlateau aquifer is abovethat of the OzarkPlateauaquifer in the Fulbright
area. water is probably drainingfromthe shallowaquifer into the deeperaquifer
through the unsealedportion of the well. This is likelyto result in a water-level
measurementsomewhatabove that whichwouldbe found in a tightly cased well.
The amount of errorthis introducesis not known,but probablyit is not morethan a
few feet, and possibly much less.

Water levelswere measuredthree differentways. Two Ozarkaquifer wells and
two SpringfieldPlateau aquifer wells were equippedwith digital water-levelrecord-
ers that measureand record hourlywater levels. Three of these installationswere
made by the Division of Geologyand Land Survey. Recorderswere installedon
Fulbrightwells #2 and #3, and on the Quarrywell. The fourth recorder,which is
owned and maintainedby the USGS, is on the USGSFulbright shallowmonitoring
well near Fulbrightwater treatmentplant. The digitalwater-levelrecordersare
capable of measuringand recordingwater-levelchangesof 0.01 ft.

Water levelsat the five wells that do not containpumps were measuredusing an
electricwater-levelprobe. Measurementsweremadeapproximatelyweeklyusing a
Solinst water-levelprobeat CentralBibleCollegewell#2, SouthwestBy-Products
well, North U Drive shallowand deepmonitoringwells, and the USGS McDaniel
Lake shallow monitoringwell. Data collectedin this manner should be accurateto
within about 0.05 ft.

The remainingwells monitoredthroughoutthis studyare ownedby Springfield
City Utilitiesor SpringfieldDepartmentof PublicWorks,and are equippedwith

21
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pumps. Thereare no provisionsat thesewellsfor measuringwater levelswith an
electricprobe,but the wells are equippedwith air lines and pressuregaugesto mea-
sure water level. The air line methodusesa small-diameterair tube that extendsfrom
near the bottom of the pump columnto a valvestemand pressuregauge at the sur-
face. The air line is chargedwith compressedair of sufficientlyhigh pressureto
expel the water from the tube, and the pressurenecessaryto do so is measuredby the
gauge. Themethodmeasuresthe heightof waterabovethe bottomof the air line. So,
if the lengthofair line is known,the waterlevelcanbe calculated All of the wells
containedpressuregaugesthat weregraduatedin feet of wateras well as poundsper
squareinch(psig). In theory,the air linemethodcanyield fairlyaccuratewater-level
measurements. In practice,however,it is seldomas accurateas theoreticallypossible.
The exactlocationof the bottomofthe air line as reportedby the pumpinstallermayor
maynot be accurate. Airpressuregauges,especiallythosethat havebeenoutdoorsand
exposedto the elementsfor years,mayyieldmeasurementsthat are inaccurate.Water
levelsmeasuredfrom air lines,especiallythose wherethe gaugeaccuracyand exactair
line lengthscannotbe verified,shouldbe consideredaccurateonlyto withina few feet.

Accurateelevationdata were not availablefor the most of the wells in the
network,so a level and stadia rod were used to determinethe elevationfor each well.
City of Springfieldbenchmarkswereused for verticalcontrol for most of the wells.
A MissouriHighwayDepartmentbenchmarkwas used for vertical control for the
North U Drivewells. All elevationsare based on the nationalgeodeticverticaldatum
of 1929. Elevationsat the McDanielLakewells werebased on McDanielLake
:water-surfaceelevation.

Precipitationdata were collectedto help relate water-levelfluctuationsto
rainfall events. The NationalWeatherServiceoperatesa weatherstation at Spring-
field RegionalAirport about 5 miles southwestof FulbrightLandfill. Precipitation
data are also collectedby the SpringfieldDepartmentof Public Worksat the North-
west WastewaterTreatmentPlantat the west end of the Sac River Landfill. To
supplementthese sources, a tippingbucket min gauge and event recorderwere
installedbetweenFulbrightwells #1 and #2. This installationcollecteddata from
April 1993until December 1993. However,an intermittentproblemwith the event
recorderresultedin lost data severaltimesbetweenSeptemberand December. Figure6
showsprecipitationdata collectedfromthesethreesources.

Springfield Plateau Aquifer Water Levels

Water-leveldata were collectedfrom four SpringfieldPlateauaquifer wells in
the Fulbrightarea, two of whichwere equippedwith digital water-levelrecorders.
Data werecollectedfrom lateMarch1993on threeof the wells; the fourthis main-
tainedby the USGS,and data is availablefromit sinceOctober, 1989.
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HYDROGEOLOGIC INVESTIGATION OF 17lE FULBRIGHT AREA.

Between April 1993 and January 1994 water level in the USGS Fulbright moni-
toring well fluctuated from about 49 ft to 64 ft below the measuring point. Measuring
point of the well is the base of the recorder box which is about 3 ft above land surfuce
at an elevation of 1200.74 ft. Groundwater elevation varied from about 1151 ft to 1136
ft, a fluctuation of approximately 15ft. Total fluctuation of the well since the recorder
was installed in October 1989 is about 20 ft. Figure 7 shows hourly water-level data
for the well for April 1993 to January 1994.

The Quany monitoringwell showeda similar pattern of water-levelfluctuation.
This well, which is at an elevationof 1132.10ft, fluctuatedfrom about24 ft to 48 ft
below the measuringpoint, which is 2 ft above ground surface. Groundwatereleva-
tion fluctuatedfromabout 1108ft to 1084ft, a total of24 ft (fig. 8).

The shallow monitoringwell at North U Drivewas not equippedwith a re-
corder, but manualmeasurementsshoweda pattern similar to the Quany and
Fulbright shallowmonitoringwells. Measuringpoint at this well is about 1 ft below
land surfaceat an elevationof 1218.58. Duringthe study, water level fluctuatedfrom
about 68.5 ft belowmeasuringpoint to about 80.2 ft belowmeasuringpoint, a total of
11.7 ft. Groundwaterelevationvariedfromabout 1150.1ft to 1138.4ft (fig. 9).
However, since datawere collectedat this well at approximately1 week intervals,
total fluctuationwas probablysomewhathigher than that measured

Water-levelfluctuationsat the USGSshallow monitoringwell near McDaniel
Lake differs greatlyfromthe other threeshallow monitoringwells. Water level in the
McDanielLake well variedfrom about 79.8 ft to 80.3 ft belowthe measuringpoint.
Elevation of the measuringpoint at the well is 1226.68,and is about 2 ft above
ground level. Groundwaterelevationvariedfrom about 1146.9ft to 1146.4ft (fig.
10).

With the exceptionof the USGSwell near McDanielLake,all of the Springfield
Plateau aquifer wells monitoredduringthis study showedrapid and pronounced
water-levelfluctuationsin responseto local rainfiill. Figures 11and 12 show daily
precipitationmeasuredat the NationalWeatherServicestationat SpringfieldRegional
Airport plottedwith hourlywater-levelhydrographsof the Quarrymonitoringwell and
the USGS Fulbrightshallowmonitoringwell. Dependingon soil moisturestorage,
minfalleventsof as littleas 1 inchwill causemeasurablewater-levelrises. Water-
level fluctuationsat North U Driveshallowmonitoringwellare also obviouslydue to
precipitation,but sincedatawerecollectedat sevemlday intervals,the relationshipis
less clear.
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USGS Fulbright Shallow Monitoring Well

Total Depth: 183 ft Drilled 1989
Casing: 50 ft, 6-in dia, not pressure grouted
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Quarry Shallow Monitoring Well

Total Depth: 75 ft Date drilled: Unknown
Casing: 12.7 ft, 6-in dia, not pressure grouted
MeasUring point: Base of recorder box, 1132.1 ft
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Figure 8. Water-level hydrograph o/the Quarry monitoring well, April 1993 through January 1994.
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North U Drive Shallow Monitoring Well

Total Depth: 224 ft Drilled 1991
Casing: 70 ft, 4-in dia, pressure grouted
Measuring point: Top of casing, 1218.58 ft msl
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Figure 9. Water-level hydrograph of the North U Drive shallow monitoring well, April 199 3 through January 1994.
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81 1145.88

USGS YcDaniel Lake Shallow Yonitoring Well

Total Depth: 130 ft Drilled 1989
Casing: 20 ft, 6-in dia, not pressure grouted
Yeasuring point: Top of casing, 1226.68 ft msl
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Figure 10. Water-level hydrograph o/the USGS McDaniel Lake shallow monitoring well, April 1993 through January 1994.
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Figure U. The effects o/precipitation on water level at the USGS Fulbright shallow monitoring well.
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Groundwater Levels

Ozark Aquifer Water Levels

The Ozarkaquifermonitoringwellsalso showedmajorwater-levelfluctuations,
but the fluctuationswerenot dueto precipitation. Ozarkaquifergroundwaterproduc-
tion, primarilyat Fulbrightwell#1, causedthe greatestwater-levelchangesmeasured.

Because they were equipped with digital water-level recorders that collected
hourly water-level data, Fulbright wells #2 and #3 showed water-level changes most
accurately. At the ftrst of April 1993, Fulbright well #2 had a static water level of
about 61.8 ft below the base of the recorder box, or a water-surfuce elevation of 1046.4
ft (ftg. 13). Water level depth decreased to about 53 ft (ell055.2 ft) by mid-July. Well
#1, which is 1,120 feet ftom well #2, was pumped twice for several hours in June.
Both times, the water level in well #2 decreased 15 to 20 feet, but recovered within a
few days after pumping ended. When Fulbright well #1 began pumping on August 2,
depth to water in well #2 was 53.3 ft (el1054.9 ft). Maximum depth to water occurred
in late September at about 143.5 ft (eI964.7 ft). The pump in well #1 stopped twice in
September due to electrical problems. Both times, water level recovered several feet
before the pump was restarted. Drawdown after about 65 days of pumping was 90.2 ft.
After well # 1 stopped pumping on October 5, water level began recovering. By early
Janwuy, depth to water had recovered to about 56 ft (ell052.2 ft).

Well #3, which is 1,700ft ftom well #1, showeda nearlyidenticalpattern of
water-levelfluctuations(ftg. 14). In earlyApril, depth to waterat well #3 was about
80 ft, or an elevationof about 1050.3ft. Like well #2, water levelrose severalfeet
through May, June, and July, except for brief periods whenwell #1 was pumped. In
late July, water levelwas about 72 ft (ell058.1 ft). Whenpumpingat well #1 started
on August2, water level wasabout 72.5 ft (ell057.6 ft). By late September,water
level had droppedto 176.3ft (e1953.8ft). Drawdowncausedby well #1 was about
103.8ft. Unlike well #2, which is tightlycased throughthe NorthviewFormation,
well #3 containsonly about 12feet of casing,and is open to both the Springfteld
Plateau and Ozarkaquifers.Despitethis, water level in the welldoes not appearto
respond to precipitationevents.

The deep monitoringwell at North U Drive, which is about 3,800 ft from well
#1, showed a very similarpattern of water-levelfluctuations,eventhrough a recorder
was not installedat the well (fig. 15). Depthto waterat the well in early April was
about 167.5 ft belowtop of casing (ell051.4 ft). Depth to watergenerallydecreased
for the next four months, exceptfor minor declinesprobablydue to pumpingwell #1
in June. When pumpingbeganat well #1 in August, depthto waterat the North U
Drive deep well was about 158.2ft (ell060.7 ft). Water level declineda total of
about 68.8 ft to a depth of about227 ft (el 991.9 ft). Water levelbeganto recover
when pumping of well #1 ended,and by earlyJanwuy 1994was at a depth of about
164.3ft (ell054.6 ft).
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Fulbrighl Well '2. drilled 1917
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Tolal Deplh: 1.380 fl
Casing: 248 fl. 10-in dia. pressure grouled
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Figure 13. Hourlywater-levelhydrographo/Fulbright well#2.April 1993throughJanuary1994.
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Water level in Fulbright well #1 showed the greatest fluctuation of the Ozark
aquifer wells (fig. 16). At the first of April 1993, depth to water was about 75 ft (el
1038.5 ft). The depth to water generally decreased during the next four months to
about 61 ft (ell052.5 ft) when pumping began in early August. Water level quickly
declined more than 300 ft to a maximum of 365 ft (el 748.5 ft) in early October. Water
level recovered quickly once pumping ended, and by early January 1994, was about 68
ft (ell045.5 ft).

SouthwestBy-Productsmonitoringwell, which is about4,200 ft southeastof
well #1, also had a similar drawdownpattern,but appearedto have additionaldraw-
downeffectsfromone or moreotherpumpingwells(fig. 18). Thiswell is cased
throughthe NortbviewFormation,but the casingis not thoughtto be pressuregrouted
Fromthe middleof April 1993to earlyJune 1993,water leveldeclinedfroma depthof
about 94.8 ft (ell068.1 ft) to about96.6 ft (ell066.3 ft). Fromthen until aboutJuly 9,
water levelrose to 89.8ft (el 1073.1ft). Unlikethe monitoringwells fartherto the
north,water levelherebeganto declinenearlya monthbeforepumpingat well #1
began. This is thought to be dueto pumpingat a wellor wellsin the area south of
SouthwestBy-Products. MaximumwaterlevelwasmeasuredSeptember16at 120.8ft
(ell042.l ft). Waterlevelrecoveredto 94.6ft (ell068.3 ft) by earlyJanuary 1994.
Drawdowneffectscausedby pumpingwell#1 are difficultto estimate,but are probably
lessthan 20 feet.

Water levelsmeasuredat CentralBible Collegewell #2, like SouthwestBy-
Productswell, showeddrawdowneffectsfrommorethan one well (fig. 18). This
well is the southernmostwell monitoredduringthis project,and is about 7,200 ft
from Fulbrightwell #1. Additionally,it is withinthe City of Springfielddrawdown
cone, whichaccountsfor its relativelydeepwater level. In earlyApril 1993,water
level wasabout 294.7 ft (e1997.8ft). The depthto water decreasedfor the next
month,and was 288.5 ft (ell004.0 ft) in mid-May. Waterlevel declinedabout 4 ft
through June, recoveredthrough earlyJuly, and declinedto a low of about 299.2 ft
(el 993.3 ft) the first of September. Unlikethe wells to the north, depthto water
decreasedthrough September,and on October5, when pumpingended at Fulbright
Well #1, water level in CentralBible Collegewell#2 was essentiallythe same as it
was when the pump was startedat Fulbrightwell#1. Shallowestwater level was
measuredin early January 1994,when it was277.5 ft (el 985.0ft).

The NorthwestWastewaterTreatmentPlant (NWTP)well is about 11,250 ft
northwestof Fulbrightwell #1. The well containsa pumpand is used to supply part
of the water needsat the treatmentplant. However,the well is pumpedat a fairly low
rate in comparisonto its maximumyield. Drawdownafter shortpumpingperiods is
minor, and water level recoversrapidly after the pump stops. Water-leveldata
collectedat this well showedsome short-termfluctuationswhichmay reflect pump-
ing, or may be due to the data being collectedusing an air line and pressuregauge.
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220:1 North U Drive Deep Monitoring Well
Total Depth: 400 ft Drilled 1991
Casing: 235 ft, 5-in dia, pressure grouted
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VI Figure 15. Water-level hydrograph of the North U Drive deep monitoring well, April 1993 through January 1994.
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400

Fulbrilht Wen 1/1. drilled 1915

Total Depth: 1.404.5 ft
Casinl: 148 ft. 18-in dia, not pressure Irouted
Air line: 470 ft
Keasurinl point: Top of casinl. 1113.54 ft msl (air line laule: 1115.74 ft msl)
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Figure 16. Water-level hydrograph of Fulbright well #1. April 1993 through January 1994.
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Southwest By-Products Well, drilled 1962

Total Depth: 1055 ft
Casing: 110 ft, 10-in dia. not pressure grouted
lleasuring point: Top of casing, 1162.85 ft msl
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Figure 17. Water-level hydrograph o/the Southwest By-Products well, Aprll1993 through January 1994.

JJN

1087.85 ~
sa....
~

1082.85 2
~sa
C)
ftI

1057.85
ftI-
ftI
(:!
sa

1052.85 j
~

1047.85

1042.85

1037.85 ~ca::
;::c

~
~
~
..,

~
!:;'

1032.85

80 1082.85

85 1077.85

90 1072.85



300 8S2.48

Central Bible College Well *2. drUled 1940

Total Depth: 1,281 ft
Casing: 435 ft. 10-in dia, pressure grouted
Measuring point: Top of casing, 1262.49 ft msl
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Figure 18. Water-levelhydrographo/Central Bible Collegewell#2,April 1993throughJanuary1994.
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Groundwater Levels

Water-leveldata collectedusingthe air line andpressuregaugeshowrelatively
shallow water levelsat this well. In earlyApril 1993,the depthto watermeasured27 ft
(ell054 ft). Waterlevelgenerallydecreasedto the measuredminimumof 13ft (el
1068 ft) on July 9. It measured17ft (ell064 ft) whenpumpingbeganat Fulbright
well #1 in earlyAugust,and droppedto a maximumof 45 ft (ell036 ft). When
pumping ended October5, depthto water measured42 ft (ell039 ft). Drawdown
caused by pumpingat well#1 was about 25 ft.

For obviousreasons,water-levelmeasurementscollectedusingair linesand
pressuregaugesare not nearlyas accurateas those measuredusingan electricwater-
level probeor digitalrecorder. Thegreatestaccuracyresultswhenthe exactvertical
distancebetweenthe pressuregaugeand the bottomof the air line is known,and by
using an accuratepressuregauge. Each I-ft errorin the air line lengthcauses 1 ft of
error in the water-levelmeasurement.Eachpoundper squareinch(psig)erroron the
pressuregaugemeansa 2.31 ft error in water-levelmeasurement.A portable12-volt
compressorwasused for pressurizingthe air linesduringthis study. To helpdetermine
the accuracyof the air linepressuregauges,a good-qualitypressuregauge(reported
accuracyof +/- 1psig) was installedon the compressorto comparewiththe pressure
readings of the air line gauges.

Figure 19showswater-leveldata for the NWTP well. It is basedon readings
trom the air line pressuregauge installedon the well. In comparingthese values to
those collected trom the compressorpressuregauge, it appearsthat there may be
trom 3 ft to 13ft of error in the air line gauge. Actualwater levelsmaybe from 3 ft
to 13 ft lowerthan shown on figure 19.

There are five SpringfieldCity Utilitiesproductionwells aroundMcDanielLake
that fully penetratethe Ozarkaquifer. They are all tightly casedthroughthe
NorthviewFormation. Thoughnot oftenused, these wells are all equippedwith
pumps. All of themare also equippedwith air linesand pressuregauges. In this
report, these will be referredto as McDanielLakewells #4, #5, #6, #7, and #9. These
wells were all constructedin 1954to help alleviatethe possibilityof water shortages
during a major droughtthat was occurringat that time. Well #8 waspluggedand
abandoned before it was completed.

Figures 20 through24 show hydrographsof the McDanielLakewells. They are
based on water-levelreadingstaken using the air linesand pressuregauges installed
on the wells. Withminor exceptions,the hydrographsare very similar. Depth to
water decreasedin all of the wells from early April 1993through July 1993when it
reached the minimumdepthfor the year. Water levelsat all of the wells declined
through Augustand September1993 in responseto pumpingat Fulbrightwell #1.

These wells are relativelycloselyspaced,and all are withina mile of each other.
In early Apri11993whenareagroundwaterproductionfromthe Ozarkaquifershould
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Figure 19. Water-level hydrograph o/the Northwest Wastewater Treatment Plant well, April 1993 through January 1994.
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Groundwater Levels

be relativelylow, water-levelelevationsat thesewellsshouldhavebeen nearlyequal.
However,on April 1, therewas26 ft of water-levelelevationdifferencebetweenthe
wellsbasedon measurementstakenftomthe air linesandpressuregauges.

McDanielLake well #4 appearsto have the most accuratedata of the wells. The
air line gauge generallyvariedonly slightly ftom the compressorgauge, but actual
water level may be up to 10ft deeperthan shownin figure20. In earlyApril 1993,
the water level was about 94 feet belowthe gauge,or an elevationof about 1045.
Minimumwater level was in July 1993at 70 ft (ell069 ft). Maximumwater level
was measuredin late September1993at 125 ft (ell014 ft). Drawdowncausedby
pumpingat Fulbrightwell #1, whichis 8,600ft southof well#4, wasabout42 ft. By
Janwuy 1994,water level had recoveredto 89 ft (e11050 ft).

The pressure gauge on McDanielLake well #5 appearsto have the greatest error
of the McDanielLake wells. Water levelsmeasuredhere may actuallybe ftom 29 ft
to 34 ft lowerthan shown on figure21. Air line gaugedata showsa depthto water of
about 103ft (ell055 ft) in earlyApril 1993. By lateJuly, it had decreasedto about
70 ft (ell088 ft). Drawdowncausedby well #1, whichis 8,500ft southof well#5,
measured48 ft. Water level in late Septembermeasuredabout 120ft (ell038 ft), and
it recoveredto about 80 ft (ell078 ft) by Janwuy 1994.

Measuredwater level in McDanielLakewell#6 in early April 1993was 111 ft
(ell029 ft), and it decreasedto 92 ft (ell048 ft) by lateJuly. In earlyOctoberwhen
well #1 ceasedpumping,water levelmeasured 135ft (ell005 ft). Well #6 is about
10,800ft ftom well #1, and drawdowncausedby 2 monthsof pumpingat well #1
was about 43 ft. By early Janwuy 1994,water level had recoveredto about 101ft (el
1039ft). Figure 22 shows water-leveldata collectedat McDanieldLakewell #6
using the air line and pressuregauge installedon the well. Based on the compressor
gauge, there may be as much as 12ft of error,and actual water levels may be about
12 ft lower than measured

The hydrographof McDanielLakewell #7 is shownon figure 23. Measured
water level in early April 1993was 80 ft (ell050 ft), and it decreasedto 53 ft (el
1078ft) by late July. When well #1 stoppedpumpingin early October,water level in
well #7 measured96 ft (ell035 ft). Well #7 is about 12,400ft ftom well #1, and
drawdownmeasured43 ft. By earlyJanwuy 1994,water level had recoveredto
about 67 ft (el 1064ft). Compressorpressuregaugereadings indicatethat there may
be 21 ft to 23 ft of error in water level measurementstaken at well #7. Actualwater
level may be 21 ft to 23 ft lowerthan shownon figure23.

Water-levelmeasurementstaken at McDanielLake well #9, and shown in figure
24, may also containappreciableerror. Theair linegaugevariedftom the compressor
gaugeby 19ft to 24 ft. Actualwater level in the well maybe 19to 24 ft deeperthan
shownin figure23. In earlyApril 1993,measuredwaterlevel wasabout 75 ft (ell054
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120 McDaniel Lake Well 1/4. drilled 1954

Total Depth: 1,403 ft
Casing: 315 ft. 15.25-in dia, pressure grouted
Air line length: 280 ft
Measuring point: Top of casing. 1138.6 ft msl (air line gauge: 1140.2 ft msl)
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Figure 20. Water-level hydrograph of McDaniel Lake well #4, April 1993 through January 1994.
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McDaniel Lake Well #5, drilled 1954-

Total Depth: 1,401 ft
Casing: 302 ft, 15.25-in dia, pressure grouted
Air line length: 460 It
Measuring point: Top of casing, 1157.6 ft msl (air line gauge: 1159.3 It msl)
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...w Figure ZI. Water-level hydrograph of McDaniel Lake well #5, April 1993 through January 1994.
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130
McDaniel Lake Well #6, drUled 1954

Total Depth: 1,388 ft
Casing: 327 ft, 15.25-in dia, pressure grouted
Air llne length: 400 ft
Measuring point: Top of casing, 1139.5 ft msl (air llne gauge: 1141.1 ft msl)
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Figure 22. Water-levelhydrographof McDanielLalrewell #6,April 1993throughJanuary1994.
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McDaniel Lake Well #7. drilled 1954

Total Depth: 1.335 ft
Casing: 312 ft. 15.25-in dia. pressure grouted
Air line length: 460 ft
Measuring point: Top of casing. 1131.4 ft msl (air line gauge: 1132.4 ft msl)
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.v. Figure 23. Water-level hedrographic o/McDaniel Lake Well #7. April 1993 through January 1994.
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100 McDaniel Lake Well #9, drilled 1954

Total Depth: 1,366 ft
Casing: 253 ft, 15.25-in dia, pressure grouted
Air line length: 400 ft
Measuring point: Top of casing, 1129.3 ft msl (air line gauge: 1131.2 ft msl)
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Figure 24. Water-level hydrograph of McDaniel Lake well #9. April 1993 through January 1994.
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Groundwater Levels

ft). It decreasedto about 50 ft (el1079 ft) by lateJuly. Measuredwater level in early
Octoberwasabout 100ft (el1029 ft). Well#9 is about 10,900ft fromFulbrightwell
#1, and dmwdownmeasuredabout49ft.
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Potentiometric Surface

POTENTIOMETRIC SURFACE OF THE OZARK AQUIFER IN
THE FULBRIGHT AREA

Water-leveldata collected duringthis studywere used to constructtwo Ozark
aquifer potentiometricmaps. One map shows the potentiometricsurface on June 15,
1993,before Fulbrightwell #1 began pumping(fig. 25). The secondshows the
potentiometricsurfaceon October 1, 1993,after well #1 had been pumping for 2
months (fig. 26).

Figure 25, the pre-pumpingpotentiometricmap, shows a groundwaterdivide
south of Fulbrightwell #1 in the SouthwestBy-Productswell area. Contour interval
of this map is 5 ft. The divide likelyextendswest from SouthwestBy-Products,but
could not be identifieddue to the lack of data in the southwestpart of the study area.
The potentiometricsurface in the area betweenFulbrightWaterPlant and the North-
west WastewaterTreatmentPlant is relativelyflat, with only a few feet of relief. A5
drawn, the potentiometricmap shows groundwatermovementtoward Fulbright well
#1 from the NorthwestWastewaterTreatmentPlant. However,this dependsentirely
on the accwacy of the data collectedat the NorthwestWastewaterTreatmentPlant
well. The value of 1056ft is based on the compressorpressuregauge. An error of
only 3 feet, which is entirelypossiblewith the techniqueused to measurewater level
at this well, would show a reversegradientfromFulbrightwell #1 to the northwest.
Regardlessof this, the data do show a low gradientin the Ozarkaquifer in the area
between Fulbrightand the NorthwestWastewaterTreatmentPlant, and the gradient
during non-pumpingperiods may be to the northwestor southeast.

The potentiometricsurfaceafter Fulbrightwell #1 has been pumping for two
months is entirely different(fig. 26). Basedon SpringfieldCity Utilities information,
well #1 will produceabout 2,300 gpm whenfirst started,and even after several
months of pumpingwill producemore than 2,000gpm. If not the highest, it is one of
the highestyielding Ozarkaquiferwells in Missouri. Productionfrom similar wells
is generally less than 1,200gpm in the Springfieldarea. As seen from the water-level
hydrographsof individualwells, there is considerabledrawdownin the Ozarkaquifer
after well #1 has beenpumpingfor two months. TheOctober1, 1993,potentiometric
map, which has a contourintervalof 20 ft, showsa cone-of-depressioncenteredon well
#1 extendingoutwardin all directions. Thegroundwaterdivide southof Fulbright is
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HYDROGEOLOGICINJ'ESTIGAnON OF THE FULBRIGHl' AREA.

still evident in the Southwest By-Products well area. but the potentiometric map shows
an inward flow gradient toward Fulbright well #1 for most of the study area. Water-
surface elevation in the Northwest Wastewater Treatment Plant area was about 1040 ft,
and at Fulbright well #1 was about 754ft. After well # 1 has operated for any appre-
ciable length of time, groundwater movement in the Ozark aquifer beneath the North U
Drive site, Sac River Landfill, and Fulbright Landfill is toward well # 1.
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Potentiometric Surface
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Figure 25. Potentiometric map o/the Ozark aquifer. June 15.1993.
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Figure 26. Potentiometric map of the Ozark aquifer. October 1.1993.
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Transmissivity, Storativity, and Hydraulic Conductivity

TRANSMISSIVITY, STORATIVITY,AND HYDRAULIC
CONDUCTIVITY OF THE OZARK AQUIFER

IN THE FULBRIGHT AREA

The transmissivity of an aquifer is a quantitative measure of its capacity to transmit
water. It is defined as the rateofflowofwater through a unit width, vertical strip, of the
aquifer extending itsfull saturated thickness under a unit hydraulic gradient. For
example, an aquifer having a transmissivity of 10,000 gpdlft would, in a days time,
transmit 10,000 gallons of water through a vertical strip of the aquifer 1ft wide under a
hydraulic gradient of 1ftlft. The transmissivity of all aquifer is equal to its hydraulic
conductivity times its saturated thic1cness.

The storativity of an aquifer, or its coefficient of storage, is defined as the amount
of water the aquifer can take into or release from storage per unit surface area per unit
change in head. For example, an aquifer having a storativity of 0.01 would release 0.01

frJ of water from a 1ft by 1ft area with a head decline of 1ft.

The two monthsof pumpingat Fulbrightwell#1allowedan opportunityto
calculate tbe hydrauliccoefficientsof the Ozarkaquifer under relatively long-term
pumping conditions. Generally,aquifer tests are conductedfor much shorter pump-
ing periods, and a 64 day aquifer test is a uniqueopportunity.

The pump in Fulbrightwell #1 was startedon August2, 1993,at about 1100hrs.
Based on SpringfieldCity Utility productionrecordsfor August, September,and
October,averagepumping rate was about 2,382gpm. The pump stoppedtwice in
Septemberdue to electricalproblems. Each time, the pump was off for no more than
a few hours before it was restarted.

Drawdownand recoverydata collectedat Fulbrightwells #2 and #3, and North
U Drive deep monitoringwell, were analyzedusing severalstandardaquifer analysis
techniques. Time-drawdownand time-residualdrawdown(recovery)data from
Fulbrightwells #2 and #3 wereanalyzedusingthe leakyartesianformulaand the
modifiednon-leakyartesianformulaas presentedin Walton(1962). Usingthese two
techniques, fourtransmissivityvalueswerecalculatedfor eachwell. For well #2,
calculatedtransmissivityrangedfrom 17,168gpd/ft(2,295fWday)to 21,102 gpd/ft
(2,821 ft2/day),and averaged19,140gpd/ft (2,558ft2/day).Storativityvaluescalcu-
lated using the differenttechniquesvariedmuchless, from6.0 x 10-4to 6.6 X10-4,and
averaged6.3 x 10-4.Figures27 and 28 showdrawdownplots of well #2 analyzedusing
both techniques.

S3
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Transmissivity calculated at well #3 was slightly lower than at well #2. It
ranged from 16,057 gpd/ft (2,146 ft2/day) to 21,102 gpd/ft (2,821 ft2/day), and
averaged 18,270 gpd/ft (2,442 fWday). Storativity was also somewhat lower than
measured at well #2, ranging from 1.0 x 10"4to 1.5 x 10"4,and averaging 1.3 x 10"4.
Figures 29 and 30 show drawdown plots of well #3 analyzed using both techniques.

Data collectedfromthe deepmonitoringwellat NorthU Driveweresufficient
only for calculatingtransmissivityusingthe modifiednon-leakyartesianformula.
Calculatedtransmissivityherewas 12,678gpd/ft(1,695ft2/day).However,this well
does not completelypenetratethe Ozarkaquifer,and the transmissivitymeasuredhere
likely reflectsthis. Storativitywas calculatedto be 5.2 x 10-4.

Transmissivityand storativitywerealsocalculatedusing distance-drawdowndata
and the modifiednon-leakyartesianformula. Usingdata fromFulbrightwells #2 and
#3, the fivewellsat McDanielLake,NorthU Drivedeepmonitoringwell, and the
NorthwestWastewaterTreatmentPlantwell,transmissivitywascalculatedto be 19,960
gpd/ft (2,668ft2/day),andstorativitywas 1.6x 10-4.

Averagehydraulicconductivityof an aquifercan be calculatedby dividingthe
transmissivityby the saturatedthickness. Using a transmissivityvalue of 19,000gpd/
ft (2,540 ft2/day)and a saturatedthicknessof 1,200ft, hydraulicconductivityis about
15.8gpd/ft2(2.11 ft/day). This is somewhatless than the hydraulicconductivity
valuesused by Imes and Emmett (in press) for the Ozarkaquifer in the Springfield
area, 6.91 ft/dayto 11.23ft/day.

Two months of pumpingat Fulbrightwell #1 causeda significant,temporary
decline in water level of the Ozarkaquifer. Wellsclosest to Fulbrightexperienced
the greatest drawdown,but wells morethan 2 miles away still had drawdownsof
about 40 feet. Water levels in the SpringfieldPlateauaquifer,however,did not show
any appreciablechangethat could be attributedto productionat well #1. Figure 31
shows water-surf3ceelevationsat Fulbrightwell #2 and at the USGS shallow moni-
toring well at Fulbright,along with precipitationat SpringfieldRegional Airportand
well #1 dailyproduction. Well #2 is about 1,120ft from well#1, and the USGSwell
is about 1,200ft fromthe pumpedwell. Fromthis illustration,it can be seen that
water-levelfluctuationsin the SpringfieldPlateauaquiferat Fulbrightgenerally
correspondto precipitationevents,and that the USGSwell does not appearto be
affectedby well #1. The NortbviewFormationis considereda leaky aquitard; it
impedes the verticalmovementof waterbut does not precludeit. However,even
with the additionalhead potential acrossthe NortbviewFormationfollowingtwo
months of pumpingat well #1, the rate of leakagethrough the NortbviewFormation
is probablytoo low to cause measurablewater-levelchangesin the Springfield
Plateau aquifer. It can also be seen from figure31 that after two months of pumping,
the potentiometricsurf3ceof the Ozarkaquiferat well #2 wasstill abovethe top of the
aquiferand that the aquiferwas still underconfmedconditionsat well#2.
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Pumping Test of Fulbright Well #1
August 2 - October 5, 1993

Time-drawdown plot of Fulbright Well #2
Distance from pumped well = 1,115 ft
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Figure '1.7. Log-log plot of time versus drawdown, Fulbright well #2.
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215 min
Pumping test of Fulbright Well Hl
August 2 - October 5, 1993

Time-drawdown plot of Fulbright Well 1/2
Distance from pumped well = 1,115 ft
Pumping rate of Well 1/1 = 2,382 gpm
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Figure 18. Semi-log plot o/time versus drawdown, Fulbright well #2.
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Pumping test of Fulbright Well #1
August 2 - October 5. 1993

Time-drawdown plot of Fulbright Well #3
Distance from pumped well = 1,700 ft
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Pumping test of Fulbright Well #1
August 2 - October 5, 1993

Time-drawdown plot of Fulbright Well #3
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Figure 30. Semi-log plot of time versus drawdown. Fulbright well #3.
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HYDROGEOLOGICINVESTlGA170N OF THE FULBRlGIr/' AREA.

Figure 32 shows similar data for the pair of monitoring wells at North U Drive.
Normally, there is about 90 ft of head difference between the Springfield Plateau and
Ozark aquifers here. After well #1 had been pumping for two months, it had in-
creased to about 160 ft. Despite the greater downward hydraulic gradient, water
levels in the Springfield aquifer did not show any effects from the pumping. As with
the USGS Fulbright well, water-level elevation increases at North U Drive shallow
monitoring well appear to be related to recharge from precipitation.
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Water Production

WATER PRODUCTION AT THE FULBRIGHT WATER
TREATMENT PLANT

As the potentiometricmapsshow,Fulbrightwell#1 has a major impacton
hydraulicgradientand directionof groundwatermovementin the Fulbrightarea.
Historicalwater-supplydataare presentedfor the FulbrightWaterTreatmentPlant to
show howproductionfromthe wellhas changedovertime, and to helpdetermineits
overall impacton potentialcontaminanttransportin the Fulbrightarea.

The City of Springfieldrelieson numerousrawwatersourcesto meetthe water
demandsof Missouri's third largestcity. Unlikemanycitiesof similarsize, it is not
locatedalonga majorriver that can be usedto meet its entirewater-supplyneeds.
Instead, Springfielddependson numeroussourcesincludingwells,reservoirs,the
James River, and FulbrightSpring.

FulbrightSpringwas Springfield'soriginalpublicwatersupplyand is still used
for that purpose. Whenthe privatelyownedSpringfieldCityWaterCompanybegan
operatingin 1883it hadabout 1,000customersandsuppliedthemfromFulbright
Spring (SpringfieldCity Utilities brochure,undated). In 1914and 1915,three deep
wells were drilledalong Pea Ridge Creekupstream,adjacentto, and downstreamof
FulbrightSpring. Althoughall threewells fullypenetratethe Ozarkaquifer,eachhad
differentyield characteristics. Well#1 had the highestyield,andbecamean important
water-supplysource. Well#2 hada loweryield, and wasused much lessfrequently
than #1. The yield of well#3 wasapparentlyso lowthat the watercompanynever
equippedit with a permanentpump.

During periods of normal rainfall,FulbrightSpringand well #1 were adequate
to meet water demands,but were not adequateto supplythe growingcity during
drought periods. To help alleviatethis problem,the water companyconstructed
McDanielLake on the Little Sac River north of FulbrightSpring. Water fromthe
reservoir, completedin 1929,is transportedto FulbrightWaterTreatmentPlant by
pipeline. FellowsLake, which is upstreamof McDanielLake on the Little Sac River,
was added to the system in 1955.
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In 1957, the City of Springfield purchased the privately owned water company,
and placed its management under Springfield City Utilities.

Fulbright Water Treatment Plant, which was built between 1937 and 1941,
supplied essentially all of Springfield's municipal water until the Blackman Water
Treatment Plant was finished in 1981. Fulbright has a nominal capacity of about 24
mgd, and can receive water from McDaniel Lake, Fellows Lake (by surface flow into
McDaniel Lake), Fulbright Spring, and Fulbright well #1. Water can also be pumped
trom the James River into Fellows Lake to further increase capacity.

Water-supplydata for FulbrightWaterTreatmentPlant wereanalyzedto deter-
mine the effectsthat Fulbrightwell #1 productionmayhave had in the area, and to
illustratethe importanceof this water-supplysourceto Springfield. Monthlywater-
supply informationfor the FulbrightWaterTreatmentplant was obtainedtrom
SpringfieldCity Utilities for March 1971through December1993. Monthlydata by
source were missingfor the periodApril 1978throughDecember1980. Yearly totals
were obtainedby examiningthe daily operationlogs for that period,but source-
specific data were not available.

Figure33 showsmonthlywaterproductionforFulbrightSpring,McDanielLake,
and Fulbrightwell#1; figure34 showsthe percentageof the monthlytotal that each
supplied. Generally,whenspringflowis ample,FulbrightSpringis used as the pri-
mary water source. In termsof cost, it is the cheapestsourceof rawwaterat Fulbright.
During dry weatherwhenspringflowbecomesinadequate,or whenthereare water-
qualityproblemswith the springdueto suspendedsediment,McDanielLake is typi-
cally used. However,duringlatesummer,waterfromMcDanielLakemay develop
taste or odorproblemsthat are difficultto treat. Additionally,this is the time when
flow of FulbrightSpringis typicallylowestbecauseof dryweather. It is this time
when Fulbrightwell #1 is typicallymost heavilyused If pumpedcontinuously,
Fulbright well #1 can produceabout 103milliongallonsper month. Dependingon
overall demand,well #1has suppliedas much as about60 percentof the raw water
duringa month,but moretypicallysuppliesabout25 percent.

Figure 35 showsthe yearly productionby sourceat Fulbright,and figure 36
shows the percentageof the total suppliedby each source. Actualvaluesare shown
in table 1.

Between 1971and 1993(includingApril 1978through December1980),about
110 billion gallons of water weretreated and distributedthrough FulbrightWater
TreatmentPlant. About 50.2percentof the water,more than 45.3 billion gallons, was
trom FulbrightSpring. McDanielLakesuppliedabout41.8 percentof the raw water,
which is morethan 37.7billiongallons. Fulbrightwell#1 producedabout7.9 percent
of the total, whichequatesto about7.16billion gallons. Between1971and 1994,
FulbrightSpringsuppliedbetween31.9percent and 64.4 percent. McDanielLake

64



Figure 33. Monthly production, 1971 through 1993, Fulbright Spring, McDaniel Lake, and

Fulbright well #1.
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Figure 34. Percentage of total monthly production. 1971 through 1993, Fulbright Spring,
McDaniel Lake, and Fulbright well #1.
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1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993

Figure 36. Percent of total yearly production by source, 1971 through 1993, Fulbright
Spring, McDaniel Lake, and Fulbright well #1.
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Potential Effects

supplied between 30.4 percent and 64.5 percent. Yearly production from well #1 varied
from zero to 23.4 percent of the total.

Although the volume of water supplied by well #1 appears relatively small, its
importance as a supply to the City of Springfield should not be underestimated. Since
it is the most expensive raw water source at Fulbright, economics dictate that it be
used only when needed, and for no longer than necessary. In periods of dIy weather,
peak demand, or when there are water quality problems or mechanical problems with
other raw water sources, well #1 becomes very important. In 1993, it was pumped just
over two months, and produced 218 million gallons, which was 5.2 percent of the total
water production at Fulbright. However, in 1989, 1990, and 1991 it supplied 18.5
percent to 23.4 percent of the raw water at Fulbright.
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YEAR McDANIEL LAKE FULBRIGHT SPRING FULBRIGHT WELL #1 YEARLY TOTAL

MGAL t TOTAL MGAL t TOTAL MGAL t TOTAL MGAL

1971 2400.1* 59.3* 1455.5* 36.0* 189.6* 4.7* 4045.2*

1972 3171.8 55.3 2213.9 38.6 346.8 6.0 5732.5

1973 3443.5 58.9 2207.6 37.8 193.4 3.3 5844.5

1974 2497.1 48.3 2507.3 48.5 162.6 3.1 5167.0

1975 3029.7 55.6 2419.4 44.4 0.0 0.0 5449.1

1976 3771.3 64.5 1939.1 33.2 137.0 2.3 5847.4

1977 3560.9 58.9 1927.7 31.9 555.2 9.2 6043.8

1978 933.7* 61.1* 594.8* 38.9* 0.0* 0.0* (6459.4)

1979 .*.*... **** .***** **** ****** **** (6357.0)

1980 ...*** *.** *.**** **** ...*** **** (6893.1)

1981 1428.2 46.1 1376.1 44.4 296.1 9.6 3100.5

1982 2754.3 60.4 1471.3 32.3 334.2 7.3 4559.7

1983 1590.3 42.5 1592.9 42.6 556.7 14.9 3740.0

1984 1163.9 38.1 1713.2 56.1 176.7 5.8 3053.8

1985 1611 . 2 45.1 1964.4 54.9 0.0 0.0 3575.5

1986 2213.3 54.1 1752.1 42.9 122.6 3.0 4087.9

1987 2455.3 55.6 1490.2 33.8 467.9 10.6 4413.4

1988 1733.9 40.9 1884.8 44.5 620.5 14 .6 4239.3

1989 1569.2 41.7 1313.7 34.9 882.0 23.4 3765.0

1990 1510.3 37.2 1796.1 44.3 750.0 18.5 4056.3

1991 1320.5 34.3 1712.6 44.4 822.2 21.3 3855.2

1992 1889.2 48.4 1677.7 43.0 333.2 8.5 3900.1

1993 1271.5 30.4 2695.7 64.4 218.4 5.2 4185.6

TOTALS 37706.2 41.8 45319.1 50.2 7165.1 7.9 90190.4

Note: Monthly data missing from January 1971 through March 1971, and from April 1978
through December 1980.

* Indicates data for yearly productions, percentages, and totals are incomplete.

*** Indicates missing data.

() Yearly values in parenthesis are from Fulbright daily operation logs.

Data by source are not available. Long term totals do not include these values.

Table1. Yearlyproduction and yearly percentage of total production. Fulbright Spring.
McDaniel Lake. and Fulbright well #1.

70



Potential Effects

POTENTIAL EFFECTS OF FULBRIGHT LANDFILL ON
FULBRIGHT WELL #1 WATER QUALITY

A priinaryobjectiveof this study is to determineif FulbrightLandfill, Sac River
Landfill, or the North U Drivesite presenta significantrisk to Fulbrightwell #1.
Well #1 is only about 1,800ft fromthe southeastend of FulbrightLandfill,and since
it is the closest of the threesites, it is reasonableto assumethat it presentsthe greatest
potential risk.

Analyses of severalhydrologicscenariosare presentedin the followingpara-
graphs. Each briefly analyzesa possiblecontaminant-transportpathway. Darcy's
law is used to estimategroundwatervelocitiesand flow rates. This is done with the
understandingthat actual water movementthrough fracturedrock, particularlyrock
containing solution-enlargedopenings, may vary substantiallyfrom that predicted
using Darcy's law. Wherepossible,measuredvaluesare used in the analyses. When
assumed valuesare used they are identifiedas such.

The SCS engineers(1988)performeda remedialinvestigationstudyofthe
Fulbrightand Sac Riverlandfills. Severalmonitoringwells wereinstalledat both
landfillsand used for water-qualitysampling,as well as water-levelmeasurements.
Slug tests wereperformedon severalof these wellsby SCSto determinehydraulic
conductivityof the alluviumand shallowbedrock. Thebedrockwells drilledat
FulbrightLandfillwere relativelyshallow,generallyabout40 ft deep,and did not fully
penetratethe SpringfieldPlateauaquifer. The endangermentassessmentpresentedby
SCS in 1988for the FulbrightLandfillwasbasedgreatlyon the assumptionthat the
water level in the Ozarkaquiferis at or abovethe waterlevel in the SpringfieldPlateau
aquifer. This was basedon a water-levelmeasurementtakenat NorthwestWastewater
TreatmentPlant well whenit wasbeingconstructed. Accordingto this report,the only
"tightly-cased" well on either landfillwas at theNorthwestWastewaterTreatment
Plant (SCS, 1988,p. 3-11). Fulbrightwell#2, whilenot withinFulbrightLandfill,per
se, is only a few feet fromit, and is casedand pressuregroutedthroughthe Northview
Formation. Basedon datafromthe NorthwestWastewaterTreatmentPlant Well, SCS
assumedan upwardflowpotentialacrossthe NorthviewFormationat both landfills,
and concludedthat the Ozarkaquiferpotentiometricsurfacehada northwesterly
gradient.
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Based on hourly water-level data collected between April 1993 and January 1994,
when Fulbright well #1 is not pumping, the water level in Fulbright well #2 is at an
elevation of about 1,050 ft. MontWy water-level data were collected by SCS (1988)
from August 1986 through March 1987 from alluvial and shallow bedrock wells at the
Fulbright Landfill. In the southeast end of the landfill, only a few hundred feet from
Fulbright well #2, water levels in the shallow aquifer were at an elevation of nearly
1,095 ft. Instead of an upward flow potential across the Northview Formation, these
data show a downward head potential across the Northview Formation of about 45 ft.
A natural gamma log of Fulbright well #2 shows top and bottom of the Northview
Formation at approximate elevations of995 ft and 959 ft, respectively, and the thick-
ness of the formation is about 36 ft.

In 1988,SCS measuredhydraulicconductivityat two shallowbedrockwells in
the FulbrightLandfill.Thevaluesvariedfrom1.4x 10-sft/secto 1.4x 10-7ft/sec.
Imes and Emmett (in press) estimateaveragehydraulicconductivityof the Spring-
field Plateauaquiferto be 2.5 x 10-4.As with most carbonaterock aquifers,hydraulic
conductivityvaries with locationand verticalpositionin the SpringfieldPlateau
aquifer. In the followingparagraphs,calculationsare based on an assumedhydraulic
conductivityof 1x 10-sforthe SpringfieldPlateauaquifer. Actualhydraulicconduc-
tivity could vary from this an order of one magnitudeor more.

The hydraulicconductivityof the NorthviewFormationhas been estimated by
several workers,but actual measurements,at least in the Fulbrightarea, have appar-
ently never been made. Imesand Emmett (in press) estimatethe Ozarkconfining
unitto havea hydraulicconductivityof 3 x 10-8ft/secintheSpringfieldarea. TheSCS
(1988)uses a valueof 1 x 10-9,whichcorrespondsto a valueshownin Emmettand
others, 1978. Calculationsin this sectioninvolvingverticalhydraulicconductivityof
the NorthviewFormationuse both of thesevaluesforcomparison.An effectiveporos-
ity of20 percentis assumedfor the NorthviewFormation.

Hydraulicconductivityof the Ozarkaquifer in the Fulbrightarea was calculated
from the two-monthpumpingtest of Fulbrightwell #1. Basedon a transmissivityof
19,000gpd/ft (2,540ft2/day)and a saturatedthicknessof 1,200ft, is 2.11 ft/day. It
must be understoodthat hydraulicconductivityof the Ozarkaquifer not only varies
spatially,but it also varies vertically. Hydraulicconductivityof certainzones is
likely to be much greaterthan 2.11 ft/day, while otherzonesmay have a much lower
hydraulicconductivity. .

The first contaminanttransportscenarioanalyzedis the potentialfor downward
migrationof contaminantsfromthe FulbrightLandfillthroughthe NorthviewForma-
tion and into the Ozarkaquifer. Undernon-pumpingconditions,there is about 45
feet of head differencebetweenthe SpringfieldPlateauaquifer and the Ozark aquifer
at the southeastend of FulbrightLandfill. Basedon a verticalhydraulicconductivity
of 3 x 10-1ft/sec,a verticalhydraulicgradientof 45ft across36feetofNorthview

72



Potential Effects

Formation, and an assumed porosity of 20 percent for the Northview Formation,
velocity through the Northview is calculated to be 1.9 x 10-7ft/sec. This equates to 1.6
x 10-2ft/day, or about 6.0 ft/year. Based on these calculations, about six years would
be necessary for water to move from the base of the Springfield Plateau aquifer,
through the Northview Formation, into the Ozark Plateau aquifer. Again using these
figures, the volume ofleakage through the Northview Formation beneath the Fulbright
Landfill, which measures about 4,300 ft by 500 ft, is calculated to be 8.1 x 10-2ft3/sec,
or about 52,100 gallons per day.

When Fulbrightwell #1 is pumping,the headdifferenceacross the Northview
Formation in the southeasternend of the FulbrightLandfill increasesto about 125 ft.
Using the above values, the increasedhead pressureincreasesvelocitythroughthe
NorthviewFormationto 5.3 x 10-7ft/sec,which is equal to 4.5 x 10-2ft/day or about
16.5 ft/yr. Basedon this, about 2.2 years wouldbe neededfor water to flowthrough
the NorthviewFormation. Calculatedleakagethroughthe NorthviewFormationalso
increasesdue to the head increaseto 0.22 ft/sec, or 148,000gallons per day.

The SCS (1988)used a verticalhydraulicconductivityof 1 x 10-9ft/sec for the
NorthviewFormation. Based on this value,the velocityof watermovingthroughthe
NorthviewFormationwhen Fulbrightwell #1 is not pumping is calculatedto be
6 x 10-9ft/sec. This equals5.4 x 10--4ft/day,or aboutabout 0.2 ft/year. Usingthis
value, it would take water about 180years to movethrough the NorthviewForma-
tion. When Fulbrightwell #1 is pumping,the hydraulicgradientacross the
NorthviewFormationincreasesto about 125 ft, and the velocity increasesto 1.7x 10-
S ft/sec. Thisis equalto 1.5x 10-3ft/day,orabout0.55ft/year,indicatinga travel
time of about 66 years. Using this hydraulicconductivity,leakagethroughthe
NorthviewFormationbeneath the FulbrightLandfillunder non-pumpingconditions
is calculatedto be 2.7 x 10-3tt3/sec,or about 1,740gallonsper day. When well #1 has
been pumped for an extendedperiod, this increasesto 7.5 x 10-3ft3/sec,or about
4,825 gallons per day.

If contaminantspass through the NorthviewFormationand enter the Ozark
aquifer, their movementis to a great extentcontrolledby pumpageat Fulbrightwell
#1. Under non-pumpingconditions,water levelat well #1 is at an elevationof about
1050ft. Water-levelelevationin Fulbrightwell #2 is about 1053ft, which indicates
that there is a relativelylow gradientbetweenFulbrightwell #2 and Fulbrightwell #1
during non-pumpingperiods. After Fulbrightwell #1 had been pumping for two
months,water level in Fulbrightwell#2 wasat an elevationof about 970 ft, while
water level in well #1 was at an elevationof about 755 ft. Based on the potentiomet-
ric .map,water level beneaththe southeasternend of the FulbrightLandfill was at an
elevationof 950 ft. DistancebetweenFulbrightwell#1 and the landfill is about
1,800ft. Using a hydraulicconductivityof2.11 ft/day,a head loss of 195 ft over
1,800ft, and an effectiveporosityof 10percent,velocitybetweenthe landfilland well
#1 duringperiods of pumping is calculatedto be about 2.52 ft/day, or 919 ft/yr.
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Based on this, less than 2 years wouldbe requiredfor water to travel fromthe south-
easternend of the FulbrightLandfillto Fulbrightwell#1, if well #1 waspumped
nearly continuously.

Fulbrightwell #1 containsabout 148ft of casingthat bottoms at aboutthe base
of the NorthviewFormation. However,the casingis not thought to be pressure
grouted It is not knownif any groutingwasattemptedwhenthe casingwas installed
A reviewof water-qualitydata for well #1 indicatesthat the casing is not sealed
Periodically,the water containsbacteria,and calcium/magnesiumratios calculated
from water analysesindicatethat water fromthe SpringfieldPlateau aquifer is
enteringthe well. Calcium/magnesiumratios for the Ozarkaquifer, expressedas
milli-equivalent/liter,are typicallylow, about 1.5 to 2, reflectingwater that has been
in contactwith dolomiticrock. Waterproducedfrom the SpringfieldPlateauaquifer,
which is primarily limestone,generallyhas a much highercalcium/magnesiumratio,
about 10 to 20. Calcium/magnesiumratios calculatedfrom water-qualitydata from
well #1 vary widely, from about 1.5 to morethan 30. The low valuesmaybe due to
samplesbeingcollectedafter well#1 hasbeenin operationfora relativelylongperiod,
whilethe highervaluesare fromsamplescollectedafterthe pumphas beenoperating
only a short time. The most likelywaythat waterfromthe SpringfieldPlateauaquifer
is enteringthe well is fromaroundthe outsideon the unsealedcasing.

Since it appearsthat Fulbrightwell#1 is opento the SpringfieldPlateauaquifer,
the possibility of lateral migrationof con~inants through the SpringfieldPlateau
aquiferto Fulbrightwell #1 shouldbe considered. Basedon data collectedby SCS
(1988),water level in the SpringfieldPlateauaquifer at the southeastend of the
FulbrightLandfill is at an elevationof about 1095ft. Duringnon-pumpingperiods,
water-levelelevationin well #1 is about 1050ft, which indicatesa gradientin the
SpringfieldPlateauaquifertoward Fulbrightwell #1 from the landfill. Using a lateral
hydraulicconductivityof 1 x 10-sft/sec for the SpringfieldPlateau aquifer,a head-
loss of 45 feet over 1,800ft, and an assumedeffectiveporosityof 15percent,velocity
of groundwaterbetweenthe FulbrightLandfilland Fulbrightwell #1 is about 1.7X
10-6ft/sec, or 52.4 ft/year. Underthese conditions,in 25 years groundwatercould
have movedabout 1,300ft.

When well#1 is pumping, its water level is severalhundredfeet belowthe base
of the SpringfieldPlateau aquifer. Thus, if the casing in well #1 is not sealed,water
in the SpringfieldPlateauaquifercan draininto well #1. This likely causessubstan-
tial drawdownin the shallowaquiferadjacentto the well. Underthese conditions,the
gradientbetweenthe FulbrightLandfilland well #1 is increasedto as muchas 100ft
over the 1,800-ftdistance. Based on this gradient,velocitybetweenthe landfilland
well is 3.7 x 10-6ft/sec. Underthese conditions,water could move as muchas 0.32 ft/
day, or 117ft/year.
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Althoughcalculationsindicatethat it is possiblefor contaminantsfromthe
Fulbrightlandfillto havereachedwell#1, water-qualitydataforwell#1 do not indicate
that this has occurred Water-qualitydatasuppliedby SpringfieldCityUtilitiesshow
low concentrationsof metalsin well#1. Metalsanalysesfrom 16samplescollected
betweenMay 1984and October1986showedlead concentrationsto be consistently
belowthe detectionlimit of 10ugll. SimilarsamplescollectedbetweenOctober1987
and October 1989showedleadconcentrationsbelowdetectionlimits(10 ugll) for seven
samples,and valuesbetween5 ugll and 16ugll for sevenothersamples. Analysesof
metals for 12samplescollectedbetweenMay 1991and September1993showedleadto
vary frombelow detectionlimitsto a maximumof 12ugll.

The only water-qualitydatawhichsuggeststhat Fulbrightwell#1 mayhave
receivedcontaminantsfromthe FulbrightLandfillis a 1982analysisperformedby
Wilson Laboratoriesfor City Utilities. The analysis showeda total cyanideconcen-
tration of 0.08 mgll; the detectionlimitwas 0.01 mgll. Also, trichloroethylenewas
detectedat a concentrationof 9 ugll. A sampletaken the previousyear and analyzed
by WilsonLaboratoriesdid not test fortotal cyanide,but neithertrichloroethylenenor
any of the 17other volatileorganiccompoundstested for weredetectedin the sample.
Anotheranalysisfor cyanideand trichloroethyleneby the samelaboratoryin 1985also
provednegative.

Another contaminant-transportpathway,and one which may be the most
logical, is water movementfromthe FulbrightLandfill throughthe alluviumand
shallow bedrock into the South Dry Sac River. Potentiometricmaps of the alluvium
and shallow bedrockat the FulbrightLandfillpreparedby SCS (1988)show ground-
water movement from northeastto southwest,from the valleywall towardthe the
South Dry Sac River. Thepotentiometricmapcontoursshowa gradientof about
0.0125 ft/ft. Lateral hydraulicconductivityof the alluviummeasuredby SCS (1988)
was about 9 x 10.sft/sec. Porosityof the alluviumis assumedto be 15percent.
Based on these values,velocityof groundwaterin the alluviumis about 6.6 x 1O~ft/
sec. This is equal to a velocityof 0.58 ft/day,or 210 ft/yr. The FulbrightLandfill is
only about 500 ft wide, and based on SCS (1988)potentiometricmaps, directionof
groundwatermovementparallelsthe short axis of the landfill.

7S



HYDROGEOLOGIC INVESTIGATION OF THE FULBRlGHI' AREA

76



Conclusions

CONCLUSIONS

Datagatheredduringthis study, combinedwith extensiveexistinginformation
ftom various other sources,helps to answer severalimportanthydrologicquestions.
Potentiometricmaps of the Ozarkaquifer show a relativelyflat groundwatergradient
in the area betweenFulbrightwell #1 and the NorthwestWastewaterTreatmentPlant
when well #1 is not pumping. The gradientappearsto be to the southeasttowardwell
#1, but minor changesin water levelcouldreversethe gradient. Whenwell #1 is
operating,it createsan extensivepumpingconeand becomesthe majorcontrolling
factor for directionof groundwatermovementin the Ozarkaquiferin much of the study
area.

Hydrologicdata ftom the FulbrightLandfillarea demonstratesthat even when
well #1 is not pumping,there is a significantdownward-flowpotential betweenthe
SpringfieldPlateauaquiferand Ozarkaquiferat the landfill. Whenwell #1 is in
operation,the head differencebetweenthe two aquifersincreasesfrom about 45 ft to
about 130ft. The FulbrightLandfill has beenclosed for approximately25 years.
Hydrologicanalyses indicatethat under certainconditionsit appearspossible for
groundwaterin the FulbrightLandfill to have movedto Fulbrightwell #1, either
through the SpringfieldPlateau aquifer or throughthe Ozarkaquifer. Contaminant
movementftom the landfill to the well throughthe Ozarkaquiferassumesthat the
higher of the two reportedvalues of hydraulicconductivityfor the Ozark confining
unit,3 x 10-8ftIsec,is correct. Based on the lowerhydraulicconductivity,1 x 10-9
ftIsec, there has not been sufficienttime for waterto have moved downwardthrough
the NorthviewFormationinto the Ozark aquifer;water-qualitydata from Fulbright
well #1 generallysupportsthis. However,basedon the SCS (1988)study, metals
concentrationsin the FulbrightLandfill are generallyless than I mgll. Dilution could
lower the concentrationof contaminantsto below detectionlimits. Fulbrightwell #2,
which is very close to the landfill,could be used as a samplingpoint to determineif
contaminantsftom the landfill have migratedinto the Ozarkaquifer. There are no
SpringfieldPlateauaquiferwells betweenthe landfill and Fulbrightwell #1. Place-
ment of a monitoringwell betweenthese two pointswould allow water-leveldata as
well as water-qualitydata to be collected. The water-leveldata would be necessaryto
determineif water drainingftom the SpringfieldPlateauaquifer into the Ozark
aquifer from aroundthe casing of well #I is affectingdirectionof groundwater
movement in the shallow aquifer.
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Groundwater velocity calculations based on water levels and hydraulic conduc-
tivity data collected by SCS (1988) indicates that there may have been considerable
contaminant transport through the alluvium into the South Dry Sac River. Calcula-
tions indicate that it may take less than 3 years for water to move southwest across the
short dimension of the landfill to the stream. In the 25 years since the landfill closed.
much of the leachate in the landfill could have been flushed through the alluvium and
into the South Dry Sac River. Data collected from the four Springfield Plateau
aquifer monitoring wells show that in most places in the study area the shallow
aquifer responds very quickly to precipitation. Generally, rainfall events of an inch
or more caused a significant change in water level. The shallow USGS well at
McDaniel Lake, however, showed very little fluctuation during the study, and re-
sponded only slightly to even major rainfalls. Not enough Springfield Plateau aquifer
wells were monitored to be able to construct an accurate potentiometric map of that
aquifer. However, water-level elevations were generally highest in the upland areas
and lowest in the valleys. Direction of groundwater movement in the shallow aquifer
appears to be toward the Sac River valley and its major tributaries.

A concernthat helpedprompt this study was the apparentsimilarity between
some of the contaminantsfoundat the NorthU Drivesite, and the leachateat
Fulbright Landfill. Leadconcentrationsexceeding50 ugll were found in several
wells in the North U Drivearea duringa remedialinvestigationperformedby Ecol-
ogy and Environment(1993). This raised questionsabout the possibility of contami-
nant transportfrom the FulbrightLandfillto North U Driveby way of Watermove-
ment through the SpringfieldPlateau aquifer. An examinationof existing water-
quality data from Fulbrightand Sac River landfillsthat was collectedby SCS (1988)
showedthat contaminantsconsist mostlyof metals,and to a lesser extent, volatile
organiccompounds. Lead was a commoncontaminantfound in water samplesfrom
both landfills,but also present were arsenic,beryllium,cadmium,chromium,copper,
mercury,nickel, and zinc. A more completelisting of contaminantsand their concen-
trations can be found in SCS (1988);detailedNorth U Drivewater-qualitydata can
be found in Ecology and Environment(1993).

In the landfills, concentrationsof most of the metalswere generallyless than
1,000ugll, withthe exceptionof zinc and,muchless often, lead. At North U Drive,
volatileorganiccompoundsconsistingprimarilyof petroleumhydrocarbons,and
relatively low levels of metals, were foundin water samples (Ecologyand Environ-
ment, 1993). The sampleswere analyzedfor total lead, and severalwells were found
to containmore than 50 ugll total lead. To help determinethe nature of the contami-
nation problem, wells were resampled,and the wateranalyzedfor both total metals
and dissolvedmetals. It was foundthat the wellsthat tested high for total lead did not
contain excessivedissolvedlead. Most of the wells which had high total lead levels
wereprivatewater-supplywellsthat are not regularlyused. The SCS (1988)concluded
that the sourceof the lead maybe fromgalvanizedpipes,pump or well components,or
sediment.
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Regardlessof the possiblesimilaritiesbetweencontaminantsfoundat the
landfills and North U Drive, hydrologicdata indicatesthat contaminantmovement
from either landfill to North U Driveby way of the SpringfieldPlateauaquifer is
virtually impossible. Water-levelelevationsmeasuredat North U Driveshallow
monitoringwell are typically40 to 50 feet abovethose measuredfromshallow
bedrock monitoringwells at the FulbrightLandfill.

The most conclusiveproof that groundwatermovementin the Springfield
Plateau aquiferat North U Drive is towardthe SouthDry SacRiver valley,and
toward FulbrightLandfill, is the results of two water traces conductedby the Depart-
ment of Natural Resources' Divisionof Geologyand Land Survey(DGLS). Dyes
injectedby Kurt Holman,DGLS,into a shallowwell and septicsystemon the North
U Drive site were recoveredat a springalongthe South Dry Sac Riveroppositethe
FulbrightLandfill. On October 10, 1992,5 pounds of fluoresceindye was injected
into a SpringfieldPlateau aquiferwell on the old Curtis ServiceStationsite. This
well is about 150 ft west of North U Drivedeepmonitoringwell. It is 108ft deep,
and is known have containedhigh levelsof petroleumhydrocarbons. Numerous
springs in the area were equippedwith dye-monitoringpackets. Dye was recovered
at North U Spring,3,000 ft north of the injectionsite, 19to 26 days after injection.
Averagegroundwatervelocitybasedon this was lIS ft/day to 158ft/day. A second
dye trace was conductedfrom a septic tank that serves MontgomeryMetal Crafts
(MMC)and an adjacent rentalpropertyownedby MMC. One gallon of Rhodamine
WT was injected into the septictank on August5, 1992. The dye was recoveredat
North U Spring, 3,160 ft to the north,betweenAugust27 and September10, 1992.
Travel time was between49 and 57 days,and straight-linevelocitywas between 55
ft/day and 64 ft/day (SCS, 1993).

Water-leveldata strongly indicatesthat shallow groundwatermovementfrom
the North U Drive site is to the north. The dye trace data conclusivelyestablishesthat
contaminantsintroduced into the SpringfieldPlateauaquifer at North U Drive will
move north to North U Spring. The possibilityof conditionsoccuning that would
reversethis gradient and allowcontaminantsfromthe FulbrightLandfillto movesouth,
beneaththe South Dry SacRiver,to NorthU Drivethroughthe SpringfieldPlateau
aquifer is very remote.
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Appendix

APPENDIX A
PRIVATEWELL SURVEY

A privatewell surveywasconductedin the studyareato determinethe number
and location of privatewater-supplywells. FigureA-I showsthe area surveyed,and
the locationsand referencenumbersof the privatewells surveyed. A door-to-door
survey was made,and well ownerswere asked to supplysome basic information
about their wells. Somewell ownersdid not wish to cooperatein this survey, and
others could not be contacted. Thus, there are likelyseveralmorewells in the
surveyedareathanare shownin table A-I.

Approximately 360 private wells were inventoried in this survey. Wells in the
North U Drive area were inventoried during previous studies, and were excluded from
this Survey.
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MAP RESIDENTS RESIDENTS RES. PHONE
REF.# LAST NAME FIRST NAME M.I. NUMBER ADDRESS CITY ST. ZIP SEC TWN RNG

2 CARROLL DAN 833-6248 RT. 20, BOX 1999-A SPRINGFIELD MO 6'803 28 30 22
3 ANDRUS BOB 742-'06' RT. 20. BOX 1998 SPRINGFIELD MO 6'803 28 30 22
4

29 30 22
5 INMAN R 833-9618 RT. 20, BOX 1997 SPRINGFIELD MO 65803 28 30 22
6

28 30 22
7 McMILLEN ROBERT 833-695S RT. 20. BOX 199' SPRINGFIELD MO 65803 29 30 22
8 BUNGE SUSAN 833'{)221 RT. 20, BOX 1975 SPRINGFIELD MO 6'803 28 30 22
9 SMITH C FR 12' 28 30 22
10 RODINMAN 869-6926 32 30 22
11 STANFILL BILL 833-4642 RT.20. BOX 1973 SPRINGFIELD MO 6'803 33 30 22
12 BUNGE SUSAN 833'{)221 RT. 20, BOX 1975(70) SPRINGFIELD MO 6'803 28 30 22
13

33 30 22
14 JETER JAMES R RT. 20, BOX 196' SPRINGFIELD MO 6'803 33 30 22
15 PERTUCHE 833-2147 RT. 20, BOX 1962 SPRINGFIELD MO 6'803 28 30 22
16 VEREOOE LAVON 833-2311 RT. 20, BOX1960 SPRINGFIELD MO 65803 33 30 22
17 VEREOOE LAVON 833-2311 RT. 4035 OLD BOUVER RD. SPRINGFIELD MO 6'803 33 30 22
18 JENKINS SPENCER W 833-1821 RT. 20, BOX 19'0 SPRINGFIELD MO 6'803 33 30 22
19

33 30 22
20

33 30 22
21

33 30 22
22

33 30 22
23 RICE HERBERT 833-1344 RT. 20, BOX 1910 SPRINGFIELD MO 65803 33 30 22
24 JOHNSON MELVIN 833-1324 RT. 20, BOX 1910 SPRINGFIELD MO 6'803 33 30 22
25

33 30 22
26 JGHNSON MELVIN 833-1324 RT. 20. BOX 1910 SPRINGFIELD MO 65803 33 30 22
27 RT. 20, BOX 190' 33 30 22
28 4510 N. 125 33 30 22
29 DEVINE WAYNE 833-2753 RT. 20, BOX 1901 SPRINGFIELD MO 65803 33 30 22
30 ASH DAN 33 30 22
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MAP WELL? TOTAL CASING YEAR CAN WE WATER OTIlER STATIC WELL WELL
REF.# YIN DEPlH DEPlH INSTAL. SAMPLE OUALITY WELL? WATERL. RECORD LOG

2 Y 437 340 1991 Y OILY TASTE 1 1 42957

3 Y 4001 1001 1992 Y SEE COMMENTS N 1

4

5 Y Y GOOD N

6

7 Y 385 385 1991 Y SULFUR,IRON N 1

8 Y 400 1 1978 Y BACTERIA N 1

9 N

10

11 Y 425 1 1964 Y GOOD N 1

12 Y 1 1 1 Y N 1

13

14 Y 1 1 1 Y GOOD 1 1

15 Y 235 72 1972 Y GOOD N 200

16 Y 620 350 1986 Y GOOD N 1

17 Y 4001 1501 19731 Y 1 N 1

18 Y 152 1 55TO60 1 GOOD N 1

19

20

21

22

23 Y 353 130 1979 Y BACTERIA Y 90

24 Y 1 1 19731 Y GOOD N 1

25

26 Y 110 1 1 Y 1 Y 1

27

28

29 Y 300 1 1981 1 GOOD crST. 1

30



MAP I
COMMENTS

REF.#

2 PLASTIC LINER 340', 4" DIA WORKPHONE 895-6848

3 BACTERIA, SULFUROOOR

4 CONTACT DIXEY NOLAND PECK (MARSHFIELD,759.2394, RT 2 BOX 111)

5 LOCKEDGATE, CALL AFTER 5:30. AJAXROOFING

6 NO ANSWER

7 BLACK AND WHITE HOUSE NEXT DOOR ON 82 SERVEDALL IN AREA

8 RESIDENT

9

10
I

CALL EARLY MORNING

11

12 OWNER

13 NO ANSWER

14 .5 MILE W. OFFANTASTlC CAVERNS

I'
16 OLD DERBY WELL LOCATED ACROSS FROM BOOKSTORE.

17 WANTS WELL SAMPLED.AT OOUBLE F. C. SIGN

18

19 NO ANSWER

20 NG ANSWER

21 NO ANSWER

22 NO ANSWER

2J

I

WANTS RESULTS, NEW LINER DEEPER. TWO WELLS PUGGED

24 WANTS RESULTS, CONDEMED HOUSE NEXT DOOR AT 110'

25

I

NO ANSWER AND THE DOG BITES

HOUSE CONDEMED, OWNER UVES NEXT DOOR
"c:126
;:r

27

I

NG ANSWER
00 I 28 NO ANSWER ::t.......a

29

I

CISTERN USED AS PUMP HOUSE

30 NOT INTERESTED
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MAP RESIDENTS RESIDENTS RES. PHONE
REF.# LAST NAME FIRST NAME M.I. NUMBER ADDRESS CITY ST. ZIP SEC TWN RNG

31 33 30 22
32 33 30 22
34 ZWEERINK RANDY "04 HARPE SPRINGFIELD MO 6'804 27 30 22
3' MABURY BILL 833-4804 RT. 20, BOX 209'-C SPRINGFIELD MO 6'803 27 30 22
36 22 30 22
37 KEESLARY GEORGE 833-3638 RT.20 SPRINGFIELD MO 6'803 28 30 22
38 BATCHELLER JACK RT.20 22 30 22
39 HOBBS 22 30 22
40 27 30 22
41 ALLEN WALTER 833-3372 RT. 20, BOX 2097-A SPRINGFIELD MO 6'803 22 30 22
42 BETIlEUM MORRIS RT. 20, BOX2097-A 27 30 22

43 DILLEY PAUL 833-2461 RT. 20, BOX 2097 SPRINGFIELD MO 6'803 22 30 22
44 DE LOZIER RT.20 27 30 22
4' OANN JOHN 833-344' RT. 20, BOX 2097-F SPRINGFIELD MO 6'803 27 30 22
46 MEFFER? BILL RT. 20, BOX 2097-1 22 30 22

47 BABCOCK 27 30 22
48 27 30 22

49 PLUMMER DAVID 833-4677 RT. 20, BOX 2097-E SPRINGFIELD MO 6'803 27 30 22

'0 ASH J L BOX 2098A 27 30 22
Sl ASH J L BOX2098 27 30 22
'2 RAMSEY ALLEN 833-1080 RT. 20, BOX 210(OR A?) SPRINGFIELD MO 65803 27 30 22

'4 BANTA RT. 20 BOX 2110 22 30 22
" 833-2494 28 30 22
'6 27 30 22
S7 28 30 22
58 27 30 22
59 mmolNS LOVE 833-2111 '64' N.FARMRD.129 SPRINGFIELD MO 6'803 28 30 22

60 TINDALL LARRY 833-2111 27 30 22
61 WELSH MIKE 833-9713 RT. 20, BOX 2302 SPRINGFIELD MO 6'803 27 30 22
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MAP WELL? TOTAL CASING YEAR CAN WE WATER OTHER STATIC WELL WELL
REF.# Y/N DEPTII DEPTII INSTAL. SAMPLE QUALITY WELL? WATERL. RECORD LOG

31

32

34 Y 38' 2'2 1988 100 A06861-00
3' Y 275 201 1979 Y BACTERIA N 1

36

37 Y 40' 100 1982 Y BACTERIA N 1

38

39

40

41 y 404 TO ROCK 1961 Y GOOD N 1

42

43 Y 460 4' 1975 Y GOOD N 216
44

4' Y 39' 160 81-82 N GOOD N 60TO90
46

47

48

49 Y 320P 320 198'1 Y BACT. RUST N 1

50

51

'2 Y 425 213 1992 Y BACTERIA N 120 A268'3 5283

54

55

56

57

58

59 Y 386 2281 1993 Y GOOD N 1

60

61 Y 3'0 1S5 1989 y ?ODOR N 170 ZO1'63-00



COMMENTS

:8 NO ANSWER

32

I

NO ANSWER

34 NO ANSWER

3'
I

GOOD WATER SUPPLY.WHERECAN THEY HAVETESTlNO?

36 NO ANSWER C)

37 SEASONALBACTERIA,THEY DONT DRINK WATER

38

39 WANT NO INVOLVEMENT

40 NO ANSWER

41

42 NO ANSWER

43

44 NO ANSWER

4' CASINOTOSOUDUMESTONE

46 NO ANSWER

47 NO ANSWER

48 NOT CUPIED,FORSALEBYCENTIJRY21, 881-2179

49 PLASTIC LINER

'0 NO ANSWER

'1 NO ANSWER

'2 CASED TO BEDROCK

'4 NO ANSWER

" NO ANSWER

'6 NO ANSWER

57 LOCKEDOATE

'8 MEAN SAINT BERNARD, NO APPERANCEOF ANYONEHOME

'9

60 I COUSIN HOME CALL THE 17TH

61
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MAP RESIDENTS RESIDENTS RES. PHONE

REF.II LAST NAME FIRST NAME M.I. NUMBER ADDRESS CITY ST. ZIP SEC TWN RNG
62 SMITH WESLEY L 833.3717 RT. 20, BOX 2303 SPRINGFIELD MO 6'803 34 30 22
63 27 30 22
64 28 30 22
6' 28 30 22
66 28 30 22
67 28 30 22
68 28 30 22
69 WELTON SHARON K 833-4719 RT. 20, BOX 2313 SPRINGFIELD MO 6'803 27 30 22
70 WARFORD MIKE RT. 20, BOX 2313 SPRINGFIELD MO 6'803 27 30 22

71 27 30 22

72 27 30 22

73 27 30 22

74 28 30 22

" 28 30 22

76 IUTl"ERBACH WANDA 833-0606 RT.20,BOX231' SPRINGFIELD MO 6'803 28 30 22

77 28 30 22

78 FELDMAN HARVEY 833-4"6 RT. 20, BOX 2216-A SPRINGFIELD MO 6'803 28 30 22

79 RICHARDSON MATT 833-9429 RT.20, BOX 2316 SPRINGFIELD MO 6'803 27 30 22

80 PERRYMAN PATRICK 833-9761 RT. 20, BOX 2318 SPRINGFIELD MO 6'803 27 30 22

81 JOHNSTON JERRY 833-'608 RT. 20, BOX 2321 SPRINGFIELD MO 6'803 27 30 22

82 PALMER DOUG 833-3184 RT.20, BOX 2318-1 SPRINGFIELD MO 6'803 34 30 22

83 ULRICH LARRY 833-3'12 RT. 20, BOX 2317 SPRINGFIELD MO 6'803 34 30 22

84 BURNING JEFF 833-6232 RT. 20, BOX 2319-A SPRINGFIELD MO 6'803 34 30 22

8' 34 30 22

86 34 30 22

87 SMITH RONDA 833-1921 RT. 20, BOX 2317-B SPRINGFIELD MO 6'803 34 30 22

88 833-0333 28 30 22

89 33 30 22

90 RICHARDSON FRED 833-0248 RT. 20, BOX 2324 SPRINGFIELD MO 6'803 33 30 22
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MAP WELL? TOTAL CASING YEAR CAN WE WATER OTIIER STATIC WELL WELL
REF.# YIN DEPTH DEP1H INSTAL. SAMPLE OUALITY WELL? WATERL. RECORD LOG

62 Y 3S5 160 1989 y GOOD Y 100 AI'67J.oO
63

64

65

66

67

68

69 Y 300 120 1979 Y GAS TASTE N 90

70 Y 285 210 1988 Y N 120

71

72

7J

74

75

76 Y 87 1 19'31 Y OK N 1

77

78 Y 264 20 1984 Y OK N 1

79 265 40 79.80 Y OK N 1

80 Y 320 120 86OR87 Y GOOD N 2001

81 Y 28' 168 1991 Y SULF. IRON N 60 A2'802

82 Y 3S5 1'0 1989 Y SULFER N 90 A20UI

8J Y 325 84 1987 Y GOOD N 90 A03641.o0

84 y 330 1'0 1987 y SULFERODOR N 90

85

86

87 Y 600.800 1 1 y SULFERODOR N ?

88

89

90 Y 297 100 198' y GOOD 1 40.'0



MAP I

COMMENTS

REF.#

62 CAPPED CEMENT WELLCAN BREAKAND SAMPLE.REPAIR

63 MOBILE HOME,NO ANSWER

64 MOBILE HOME,NO ANSWER

6' NO ANSWER

66 NO ANSWER

67 NO ANSWER

68 NO ANSWER

69 METAUlC GAS TASTE, ALSO HAS AN ODOR

70 WANT RESULTS IF SAMPLED!

71 WANTS NO INVOLVEMENT

72 NO ANSWER

73 NO ANSWER, A-FRAME

74 NO ANSWER

"
76 TIlEY DON'T DRINK CONTAMINATEDWATER, WORK II833-3800

77 MISSING SURVEY

78

79 PUMP SET AT 18", CALL AFTER 10PM,WANTSRESULTS

80

81 SULFERODOR, RUSTY ORANGE STAIN, 100GPM @ 60'

82 SULFERAFTER RAIN, HAVE WATER SOFTENER, LINE 160'

83

84 I WATER SOFTENER AND AIR INJECTOR

8'
I

NO ANSWER

86 SHARES WELL WITH II87 !II
::I

87 SHARES WELL WITH NEIGHBOR II86

I 88 CALL AT 7 AM, WILUAMS SPRING

89 NO ANSWER

90 I HEARD ABOUT 60' DUG WELL
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MAP RESIDENTS RESIDENTS RES. PHONE
REF.# LAST NAME FIRST NAME M.I. NUMBER ADDRESS CITY ST. ZIP SEC TWN Q

91 34 30 22
92 JOHNSON MARY V 833-1808 RT. 20, BOX 2326 SPRINGFIELD MO 6'803 33 30 22
93 ELLlNGSWGRTH RON 833-4236 RT. 20. BOX 1860 SPRINGFIELD MO 6'803 34 30 22

94 FOREMAN JOHN 833-1766 RT. 20, BOX 2331 SPRINGFIELD MO 6'803 33 30 22
9' LAWSON 833-3630 RT. 20, BGX 2332-A SPRINGFIELD MO 6'803 34 30 22

96 THOMAS LARRY 833-9167 RT. 20, BOX 2333-2 SPRINGFIELD MO 6'803 34 30 22
96 UNDSEY nJNE 869-'818 34 30 22

91 34 30 22

98 VAHLDICK,Sa. ROY 833-2037 RT. 20, BOX 233' SPRINGFIELD MO 6'803 33 30 22

99 VAHLDICK,JR. ROY RT. 20, BOX 2340 SPRINGFIELD MO 6'803 33 30 22

100 CLAYTON V S RT. 20, BOX 234' 33 30 22

101 .
33 30 22

102 YOUNG CHARLES L 833-0'70 RT. 20, BOX 23" SPRINGFIELD 'MO 6'803 34 30 22

103 WHITE IJ.OYD 833-31'9 RT. 20, BOX 1882 SPRINGFIELD MO 6'803 33 30 22

104 , 29 22
10' 33 30 22
106 , 29 22
107 33 30 22
108 33 30 22

109 DOUGLAS 833-4328 , 29 22

110 CARROL LEON 833-101' RT. 20, BOX 2120 SPRINGFIELD MO 6'803 23 30 22

111 MURFEY ROBERT 833-3678 RT. 20 BOX 213' SPRINGFIELD MO 6'803 26 30 22

112 OQUlMM JAL 833-2'" RT. 20, BOX 2130 SPRINGFIELD MO 6'803 23 30 22

113 BAVA B 23 30 22

114 CARRETT 26 30 22

IU APPL GEORGE 833-1199 RT. " BOX 473 SPRINGFIELD MO 6'803 23 30 22

116 23 30 22

117 RANDOLF R L 833-3279 RT. " BOX 4" SPRINGFIELD MO 6'803 23 30 22

118 WIRTH JOHN 833-94" RT. " BOX 476 SPRINGFIELD MO 6'802 23 30 22
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MAP WELL? TOTAL CASING YEAR CAN WE WATER OTHER STATIC WELL WELL
REF.# YIN DEPTH DEPTH INSTAL. SAMPLE QUALITY WELL? WATERL. RECORD LOG

91

92 Y 400 20 1969 Y GOOD N 1

93 Y 3'0-4 1 1949 Y GOOD N 1
94 Y 499 1001 1961 . OK N 1001

9' Y 43' 1 19731 Y DlESEL1 N 1

96 Y 1 1 1 Y BACT. COUFORM N 1

96

97

98 Y 1201 201 1940 Y 1 N 6

99 48601
100

101

102 Y '2' 2'01 1971 Y OOOD N 1

103 Y 510 1801 1980 Y OOOD Y 1

104

105

106

107

108

109

110 Y 400 51 19381 Y PRESSURESYST. N 1

III Y 4001 TOROCK 1966 Y BACTERIA1 Y 240

112 Y 2'0-255 30 1948 Y OK N 1

113

114

115 Y 370 TOROCK 4O-50'S N OK N SO-70

116

117 Y P500 1 19681 N OK Y 1

118 Y 1 1 1 Y OK Y 1



COMMENTS

\0
0\ NO ANSWER, POOL

92

I

RENTAL HOUSE RT 20 BOX 1860, RON ELUNOSWORTH

93 OWNER MARYV.JOHNSON

94 I NEXT 4 HOUSES SHARE WELL. .NEED PERMISSIONFROMOTHERS

95 I NEXT 4 HOUSES SHARE WELL, DIESEL KEROSENE OOOR?
C)

96 SHARES WElL WITH 2 NEIGHBORS

96 PREVIOUS RESIDENT
:;.;

97 LOCKEDGATE

98 HAVE CHLORINATOR. SON JR. UVES NEXT DOOR

99 NO ANSWER

100 NO ANSWER

101 VACANT SEE # 103

102

103 WElL NEXT DOOR 300'1 CAN SAMPLE IF WE CAP IT, UNDESIDED?

104 NO ANSWER

105 NO ANSWER

106 BEING BUILT, DRIlLER JEFF MESSENGER 862-7675

107 WANTS NO INVOLVEMENT

108 NO ANSWER

109 CALL AFTER 6:30 PM

110 IN 1958 A PRESSURE SYSTEM WAS INSTALLED, DRILLED DEEPER

111

I

COVERED WELL 212', SWL 146',SHARES WELL NEXT DOOR

112 IN THE 50'S MANY WELLSIN AREA REDRlLLED, LAKE MCDANIEL?

113 NO ANSWER

114 NO ANSWER

II' HOUSE NEXT DOOR NEVER HAD WATER. SHARED HIS WELL

116 IN COURT, NO OCCUPANT,CONTACT BILLYTHOMSON

117

I

A 6" WELL WENT DRY AND WAS FIlLED

118 ABANOONED WELL, OWNERS THE COMSTOCK'S AT WHITE PIlLAR HOUSE
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MAP RESIDENTS RESIDENTS RES. PHONE

REF.# LAST NAME FIRST NAME M.I. NUMBER ADDRESS CITY ST. ZIP SEC TWN RNG
119 BODINE BERTHA 833-3180 RT. 5, BOX 477 SPRINGFIELD MO 65803 26 30 22
120 TAYLOR FOREST 833-4624 RT. 5, BOX 477 SPRINGFIELD MO 65803 23 30 22
121 26 30 22
122 COOPER HUGH 833-4802 RT. 5, BOX 478 BB SPRINGFIELD MO 65803 . 23 30 22
123 23 30 22
124 MCGINNIS 23 30 22
125 DILLARD JAMES A 833-1353 RT. 5, BOX 2001 SPRINGFIELD MO 65803 23 30 22
126 MORTON JAY 833.2070 RT. 5, BOX 2003 SPRINGFIELD MO 65803 23 30 22
127 HARMON DWAINE 833-1076 RT. 5, BOX 2005 SPRINGFIELD MO 65803 23 30 22

128 DOTY JESSE 833-2625 RT. 5, BOX 2015 SPRINGFIELD MO 65803 23 30 22

129 MARTIN PAUL 833.2256 RT. 5, BOX 2007 SPRINGFIELD MO 65803 23 30 22
130 23 30 22
131 23 30 22
132 WALLACE CHARLES R 833-4822 RT. 5, BOX 2016 SPRINGFIELD MO 65803 23 30 22
133 23 30 22

134 WILLIAMS TERRY 833-5720 5760 N HWY 13 SPRINGFIELD MO 65803 26 30 22

135 KIENER JOHN 833.5301 RT. 5, BOX 470 SPRINGFIELD MO 65803 26 30 22

136 23 30 22

137 833.9058 26 30 22

138 26 30 22

139 26 30 22

140 26 30 22

141 UDSON JOHN 833.2377 26 30 22

142 SEDERBURG NANCY 833-3573 RT. 5, BOX 463.B SPRINGFIELD MO 65803 26 30 22

143 26 30 22

144 BOATMAN DENNIS 833-1300 RT. 5, BOX 467-A SPRINGFIELD MO 65803 26 30 22

145 26 30 22

146 26 30 22

147 26 30 22
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MAP WELL? TOTAL CASING YEAR CANWE WATER OrnER STATIC WELL WELL
REF.# YIN DEPTII DEPTH INSTAL. SAMPLE OUALITY WELL? WATERL. RECORD LOG

119 Y 3S0 180 40-S0'S Y OK N ?

120 Y 2101 1 1 Y OK N ?

121

122 Y 440 1 LATE60'S Y OK N 1

123

124

12S Y 410 3S 1962 Y BACTERIA N MORE200

126 Y 4S0 1 19681 Y OK N 1001

117 Y SOO1 ? ? 1 OK N 1

128 Y S20 30 1993 1 OK N ISO

119 Y 39S 40 1977 Y FUNNYTASTE N 1

130

131

132 Y 4S0 7S 1976 Y RED COLOR N 1

133

134 Y ? ? ? Y OK 1 ?

13S Y 329 ? 1984 Y BROWNCOLOR N 122

136

137

138

139

140

141

142 Y 3001 ? 1985 y OK N ?

143

144 Y ? ? 1986 Y SOFTENER N ?

14S

146

147



MAP I
COMMENTS

REF.#

119
I

HOUSE BUILT IN 1936, WELL DEPTH 350.3'"

120

121
I

NO ANSWER

122

123

I

WANTS NO INVOLVEMENT

124 NO ANSWER

125

126

127 RECASED ABOUT 2 YEARS AOO, NEW PUMP

1211 PUMP 400', REDRlLLED IN 1993. LINER AT 260'

129 PUMP APPROX. 300', WANTS REPORT WHEN COMPLETED

130 MOBILE HOME, NO ANSWER

131 NO ANSWER

132 OCCASIONAL DEEP RED COLOR

133 NO ANSWER

134 CONTACT SPIKE TEMPLE AND LEAVE MESSAGE. SHARE WITH ANOTHER

13' LANDLORD

136 NO ANSWER

137 GLIDEWELL BAPTIST PRESCHOOL. CONTACT MRS. MURREY

1311 BAPTIST PARISH, SHARES WELL WITH SCHOOL. VACANT

139 NO ANSWER. ROTWIELLER DOO

140 NO ANSWER

141 CALL EVENINGS

142 DRILLED BY DOUG GARDENER

143 NO ANSWER

144 MANY SPRINGS ALONG HILLSIDE

I 14' NO ANSWER :t..

146 NO ANSWER

147 CALL JEROLD MCMILLON,WILLARDMO
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MAP RESIDENTS RESIDENTS RES. PHONE

REF.# LAST NAME FIRST NAME M.I. NUMBER 'ADDRESS CITY ST. ZIP SEC TWN RNG
148 26 30 22
149 26 30 22
150 26 30 22
m 26 30 22

152 26 30 22

153 HICKS MABEL 833.1132 RT. 50BOX 466.A SPRINGFIELD MO 65802 26 30 22
154 26 30 22

155 26 30 22

156 RlOOS RICK 833-4245 RT. 50BOX 466-0 SPRINGFIELD MO 65803 26 30 22

157 MURRAY MARK 833.3259 RT. 50BOX 458 SPRINGFIELD MO 65803 26 30 22

158 26 30 22

159 26 30 22

160 LOUDER BAUOH BEVERLY 833-040 I RT. 50BOX 463 SPRINGFIELD MO 65803 26 30 22

161 26 30 22

162 MURREY 26 30 22

163 MURREY MAX 833.3650 RT. 50BOX 460 SPRINGFIELD MO 65803 26 30 22

164 LEPPER ROBERT 833.5346 RT. 50BOX 462 SPRINGFIELD MO 65803 26 30 22

165 26 30 22

166 FISHER 833.5267 RT. 50BOX 462-4 SPRINGFIELD MO 65803 26 30 22

167 NICHOLSON JOE UNUSTED RT. 50BOX 462-3 SPRINGFIELD MO 65803 26 30 22

168 DAVISON DAVE 833-6333 2068 S SUPREMA SPRINGFIELD MO 65807 26 30 22

169 CARPENTER JOE 833.3357 RT. 50BOX 462.2 SPRINGFIELD MO 65803 26 30 22

180 26 30 22

181 35 30 22

182 35 30 22

183 BRUFFETT RUSSELL 833-4040 RT. 50BOX 437 SPRINGFIELD MO 65803 35 30 22

184 BRAZEAL EARNEST 833.N62I RT. 50BOX 436 SPRINGFIELD MO 65803 35 30 22

18' 35 30 22

186 35 30 22
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MAP WELL? TOTAL CASING YEAR CANWE WATER <>mER STATIC WELL WELL
REF.# YIN DEPTII DEPTH INSTAL. SAMPLE QUALITY WELL? WATERL. RECORD LOG

148

149

1'0

1'1

1'2

1$3 y 7 7 7 Y OK N

1$4

I"
1$6 y 3'07 7 7 Y OK N 7
1$7 y 36' 7 2971 Y OK N 607
1$8

1$9

160 y 7 7 7 Y 7 7 7

161

162

163 y 32' 210 1993 Y OK N 60

164 y 7 7 1979 Y OK N 7

16'

166 y 10367 7 1980 Y OK N 7

167 y 420 80-100 1979 Y OK Y 7

168 y 36' 231 1990 120 A20390

169 Y 377 '9 1979 N OK Y 2"7

180

181

182

183 y 3007 1007 7 Y OK N '07

184 Y '0-60 7 7 Y OK N 7

18'

186



MAP I
COMMENTS

REF.#-
I

0 148 NO ANSWERw
149 NO ANSWER

150 NO ANSWER

151

I

NO ANSWER

152 NO ANSWER CARRY ALL T.
C)

153 CONTACT MESSENGER DRILLING. 732-7369. DAVE DAVISON 833-6333

154 NO ANSWER
:0;;:

155 CALL KEVIN FLETCHER

156 STATED THAT ALL WElLS RUN WITHIN ABOUT 100'OF EACHOTHER

157

158 NO ANSWER

159 RECOMMENDEDREADINGNO TRESSPASSINGSIGNS §
160

161 NO ANSWER

162 SON OF MAX MURREYNEXT DOOR AT 163

163 FEZZELDRILLED ACROSSROAD.

164 GOOD PRESSURE,MOST HOUSES IN AREA BUILT 1979. PUMP 225'

165 NO HOUSE

166 CAN CALL LATER DURING THE DAY

167 HAND DUG WELL 30' TO 40'. WANT RESULTSOR REPORT MAILED

168 LOCKEDGATE

169 SHALLOWCAPPED.NO PUMP. NO SAMPLE

180 NO ANSWER

181 NO ANSWER

182 NO ANSWER

183 SPRING WITH OPENING IN CASING ABOUT 50' DOWN

184

185

I

NO ANSWER

186 NO ANSWER
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MAP RESIDENTS RESIDENTS RES. PHONE
REF.# LAST NAME FIRST NAME MI. NUMBER ADDRESS CITY ST. ZIP SEC TWN RNG

187 3' 30 22
188 BURGESSJR. CHARLES E 833-3042 RT. " BOX430 SPRINGFIELD MO 6n03 3' 30 22
189 YATES RT." BOX"94 SPRINOFIELD MO 6'803 2' 30 22
190 2' 30 22
191 DICKENS ROY 2'

!"
30 ' 22

192 HESS JOHN 833-6'0 I RT.', BOX661 SPRINGFIELD MO 6'803 36 30 22
193 COPENJNG KATIE 833.2719 RT. " BOX 662, '420 N GRANT SPRINGFIElD MO 6'803 36 30 22
194 ROY JOHN 833.1928 '324 GRANT SPRINGFIElD MO 6'803 36 30 22
19' EARWOOD TIM BOX 664 36 30 22
196 BAKER mOMAS C 833.2513 '3'1 GRANT SPRINGFIElD MO 6'803 36 30 22
197 PEIFFER RT. " BOX 667, '240 GRANT SPRINGFIElD MO 6'803 2' 30 22
198 JENNINGS CHARUE RT. " BOX 668, '279 GRANT SPRINGFIElD MO 6'803 2' 30 22
199 WIlliAMSON H F RT. " BOX 669 SPRINGFIElD MO 6'803 2' 30 22
201 DICKEY 11M 833.3247 5UOGRANT SPRINGFIElD MO 6'803 2' 30 22
202 mIEMAN L D '124 GRANT SPRINGFIElD MO 65803 2' 30 22
203 FOSTER STEVE 2' 30 22
204 GmSON NANCY 833-'118 RT. " BOX671-A-O SPRINGFIElD MO 6n03 2' 30 22
205 OWENS DEBBIE 833-9207 RT. 5, BOX671-E SPRINGFIElD MO 6n03 2' 30 22

206 WEDMORE MARGRET 833-4169 RT. 5, BOX 677-B SPRINGFIElD MO 65803 25 30 22

207 CROSS JERRY 833-050 I 2' 30 22

208 JONES DENNIS 833.9413 RT. 5, BOX678-D SPRINGFIElD MO 65803 25 30 22

209 OWEN MELVIN 833-3712 RT. 5, BOX677 SPRINGFIElD MO 65803 36 30 22

210 MOTTA BILL 833-2426 46'0 N GRANT SPRINGFIElD MO 6'803 36 30 22

211 OWENS 36 30 22

212 DATEMA? HANK 4420 N GRANT SPRINGFIElD MO 65803 31 30 21

213 PETERSON RT 5 BOX 690 2 29 22

214 SUGER DEANNA 833.3400 4104 N GRANT SPRINGFIELD MO 65803 2 29 22

21' PETERSON DALE 2 29 22

216 SKIDMORE HERB 833-1607 RT. 5, BOX 693, 40'0 N GRANT SPRINGFIELD MO 6'803 2 29 22
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MAP WELL? TOTAL CASING YEAR CAN WE WATER 011lER STATIC WELL WELL
REF.# Y/N DEPTII DEPTII INSTAL. SAMPLE QUALITY WELL? WATERL. RECORD LOG

187

188 Y 110 1 1946 Y OILY.OREASY N 1
189

190

191

192 Y 1 1 >'YEAR Y OK N 1
193 Y >240 1 1980 Y OK N 1

194 Y 1 1 1 Y OK N
19'

196 Y 327 9' 1978 Y OK N 1
197

198

199

201 Y >400 1 1971 N OK Y 1
202

203

204 Y >2'0 1 >20 YEARS Y OK N 1

20' Y 1 1 1 Y OK N

206 Y >600 1 1990 Y OK N 1

207

208 Y >400 1 19'3 Y OK N 1

209 Y 1 1 19" Y OK N

210 Y 1 1 1993 Y OK N 1

211

212

213

214 Y 2001 1 1 y OK N 1

215

> 216 Y '00 1 1973 N OK N



MAP I

COMMENTS

REF.#

187 CITY WATER

188 NOT USED ANDCOVERED,TESTED POSITIVEFOR MTBE'S.GOOD YIELD

189 NO ANSWER

190 NO ANSWER

191 NO ANSWER

192

193
I

REDRlLLED 1980

194

19'
I

NO ANSWER

196

197 NO ANSWER

19. NO ANSWER

199 NO ANSWER

201

202

I

NO ANSWER? WORKSFOR CITY UTlU11ES

203 NO ANSWER

204

20'

206 TWO MOBILE HOMES USE SAME WELL. DRILLEDFROM 400' TO >600'

207 PHONE IIOIVEN BY MR JONES 11208

20.

209

210 I CAlL BILL EVENINGS FOR MORE INFO.

211

I

NO ANSWER

212 NO ANSWER

213 NO ANSWER-
Ia 214

2U PER MRS SKIDMORE 11216

216



-
~ ~~

~
~
~C)
~
~:;.:
~~
~
~

[
~
~
~

MAP RESIDENTS RESIDENTS RES. PHONE

REF.# LAST NAME FIRST NAME M.I. NUMBER ADDRESS CITY ST. ZIP SEC TWN RNG

217 TRIPLETT 694 N GRANT SPRINGFIELD MO 6'803 2 29 22

218 POLODNA 4030 N GRANT SPRINGFIELD MO 6'803 2 29 22

219 WIUlAMS CHARLES 833.223' RT. " BOX69',4014 N. GRANT SPRINGFIELD MO 6'803 2 29 22

220 MORRIS REX 2 29 22

221 LYONS STEVE 833.1747 RT. " BOX700, 3930 N. GRANT SPRINGFIELD MO 6'803 2 29 22

222 3741 N GRANT SPRINGFIELD MO 6'803 2 29 22

223 HALL ELIZIBETH 833-0683 RT. " BOX 70', 372' N. GRANT SPRINGFIELD MO 6'803 2 29 22

224 UMLAUF CLEO 833.3718 3703 N. GRANT SPRINGFIELD MO 6'803 2 29 22

22' WHITE DON 723 BEVERLYHILLS DR. SPRINGFIELD MO 6'803 2 29 22

226 MONTGOMERY 3621 N. GRANT SPRINGFIELD MO 6'803 2 29 22

227 WOBBEMA PEGOY 833.'072 3'00 N. GRANT SPRINGFIELD MO 6'803 2 29 22

228 HETRICK JAMES 833-3189 3303 N GRANT. SPRINGFIELD MO 6'803 2 29 22

229 3247 N GRANT. 2 29 22

230 31 30 21

231 ELTRINGHAM SANDY 833-0901 3270 N. GRANT SPRINGFIELD MO 6'803 2 29 22

232 3246 N. GRANT 2 29 22

233 3238 N. GRANT 2 29 22

234 PALMERTON ROOER 833.3219 32" N. GRANT SPRINGFIELD MO 6n03 2 29 22

23' BAKER BERNARD 0 833.3"8 1340 W. FR. 102STAGECOACH SPRINGFIELD MO 6'803 2 29 22

236 LONGSTREET CURTIS 833.'844 1401 W. STAGECOACH SPRINGFIELD MO 6n03 2 29 22

237 BRADLEY DEL 833-4411 8'33 N. FRANKLIN SPRINGFIELD MO 6'803 2 29 22

238 POTTENGER DAVE 833.3298 1234 W. STAGECOACHDR. SPRINGFIELD MO 6'803 2 29 22

239 MATHIS WOODY 833-0962 1420 W. STAGECOACHDR. SPRINGFIELD MO 6'803 2 29 22

240 MIU. TAVERNS SUSAN 833.9992 1414 W, STAGECOACHDR. SPRINGFIELD MO 6'803 2 29 22

241 WALTERS PRESTON 833-2'20 1440 W. STAGECOACH SPRINGFIELD MO 6'803 2 29 22

242 JOHNSON FRED 833-3733 "22 W. STAGECOACHDR. SPRINGFIELD MO 6'803 2 29 22

243 JOHNSON KENNETH 833.2131 1'24 W. STAGECOACHDR. SPRINGFIELD MO 6'803 2 29 22

244 GORHAM CLIFF 833-472' 1600 W. STAGECOACHDR. SPRINGFIELD MO 6'803 3 29 22

24' WAm ARTHUR L 833-1089 1439 W STAGECOACHDR. SPRINGFIELD MO 6'803 2 29 22
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MAP WELL? TOTAL CASING YEAR CAN WE WATER OTHER STATIC WELL WELL
REF.# Y/N DEPTH DEPTH INSTAL. SAMPt-E OUALITY WELL? WATERL. RECORD LOG

217

218

219 y 445 80 1975 Y IRON N 1

220

221 Y 480 1 1971 Y OK N 1

222

223 y 360 LESS60 1945 Y BAD N 1

224 Y 1 1 1948 Y OK 1 1

225 N 1

226

227 Y 1 1 19801 Y OK N 1

228 N N

229

230

231 N Y

232

233

234 N N

235 N Y

236 N Y

237 N N

238 N N

239 N N

240 N N

241 N N

242 N N

243 N N

244 N N

245 N N



MAP I
COMMENTS

REF.#
....0 NO ANSWER00

218 NO ANSWER

219

220

I

SHARES WELL WITH 112197

221 QUARTER HOME RANCH r)

222 NO ANSWER

223 ANIMALWASTE? AFTER A LOT OF RAIN

224

22' MRS.WmTE SAIDONLYCITYWATERINNORTHERNHIUSSUBDMSI0N

226 NO ANSWER

227 '11
228 SPRINGFIELDCITY LIMIT STARTS WITH THIS HOUSE,S. ON GRANT AVE.

229 NO ANSWER

230 NO ANSWER

i231 OLD HOME HAS WELL

232 NO ANSWER

233 NO ANSWER

234 UVED SINCE 1920. HOMES IN AREA ALWAYS CITY WATER

23' CITY WATER

236 CITY WATER

237 CITY WATER

238 CITY WATER

239 CITY WATER

240 CITY WATER

241 CITY WATER

242 CITY WATER

243 CITY WATER

244 CITY WATER

24' CITY WATER
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MAP RESIDENTS RESIDENTS RES. PHONE

REF.# LAST NAME FIRST NAME M.I. NUMBER ADDRESS CIlY ST. ZIP SEC TWN RNG
246 WAITE ARTHUR NONE 1441 W. STAGECOACHDR. SPRINGFIELD MO 6S803 2 29 22

247 BRAKEBILL LEROY 1402 W. STAGECOACHDR. SPRINGFIELD MO 6S803 2 29 22

248 BUCHANAN CHARLES 833.1174 RT. 20. STAGECOACHDR. SPRINGFIELD MO 6'803 2 29 22

249 990 W. LYONS SPRINGFIELD MO 6S803 2 29 22

2'0 NICHOLSON MARY 833."83 RT. " BOX 671-1 SPRINGFIELD MO 6S803 36 30 22

2'1 RACE BILL 833-6759 RT. " BOX 671-H SPRINGFIELD MO 6'803 36 30 22

2'2 WELLS BILL RT. " BOX672- SPRINGFIELD MO 6'803 2' 30 22

2'3 BAKER DAVE 833-94'8 RT. " BPX 673-D SPRINGFIELD MO 6S803 2' 30 22

2'4 BAKER W L 833-2989 RT. I, BOX 122' SPRINGFIELD MO 6'803 2' 30 22

255 BRUCE JAMES 833-'6'3 RT. " BOX 674 SPRINGFIELD MO 6'803 36 30 22

2'6 RT. " BOX 674-A SPRINGFIELD MO 6'803 36 30 22

26' NELSON 3' 30 22

301 BROWN MIKE 833-2'44 3' 30 22

302 BARNES DONNA 833-2231 36 30 22

303 COFFMAN CRISS 833-6481 RT.',BOX 4'0-A SPRINGFIELD MO 6'803 36 30 22

304 MCAUlSTER CUNT 833-4311 RT. " BOX 675 SPRINGFIELD MO 6'803 36 30 22

30' 36 30 22

306 MILLS RICK 833-'218 RT. " BOX 676-B SPRINGFIELD MO 6'803 36 30 22

307 MILLS ERNEST 833"()417 RT. ',BOX676 SPRINGFIELD MO 6S803 36 30 22

308 MANN ANTHONY 833-5116 RT. " BOX 675-J SPRINGFIELD MO 6'803 36 30 22

309 RAGSDALE ROY 833-4758 RT. S, BOX 675-0 SPRINGFIELD MO 6S803 36 30 22

310 COOPER JOHN E 833-24SS RT. S. BOX 675-H SPRINGFIELD MO 6S803 36 30 22

311 BOLIN PAUL 833-486S RT.S, BOX 674-D SPRINGFIELD MO 6'803 36 30 22

3'0 ROYAL 3471 4 29 22

351 KLlNGNER SR. J B 4 29 22

3'2 HENDRIX DEAN 833..()97I P.O. BOX 3474, 4002 FR. 94 SPRINGFIELD MO 6S808 4 29 22

3'3 DRASCHIL LEONARD 833-9190 303S SPRING CREEK RD. SPRINGFIELD MO 6S803 34 30 22

3'4 HENDERSON DONALD A 34 30 22

355 4 29 22
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MAP WELL? TOTAL CASING YEAR CANWE WATER OTIIER STATIC WELL WELL
REF.# Y/N DEPTH DEPTH INSTAL. SAMPLE QUALITY WELL? WATERL. RECORD LOG

246 N N

247 Y

248 N 1

249

2'0 y 4001 1 19'0'S Y OK Y 1
2'1 y 1 1 1 Y OK N 1
2'2 y 1 1 1 Y OK N 1

2'3 y 600 100.1'0 1989 Y OK N 1
2'4 y 460 1 1940'S Y OK N 1
2" Y '00 1 1 Y OK N 1
2'6

26'
301

302

303 Y 1 1 1 1 DON'T DRINK 1 1

304 y 375 1 1984 Y OK N 1
30' ,

306 y 400 1 1940'S Y OK N 1
307 Y 28' " 19" Y OK N 1

308 y 4701 1 1 Y OK N

309 y "0 1 1 Y CHLORINATOR N 1

310 Y 60' 315 1991 Y IRON COLOR Y 1801

311 Y 40' 280 1989 Y SULFERODOR N 120 AI0779000

3'0

3'1

3'2 Y 1 1 1 Y BACTERIA N

3'3 Y 4'0""75 1 79-80 Y ODOR N 240

3'4

3" Y 396 1 1 N OK N 1



MAP I

COMMENTS

REF.#

246 CITY WATER

247 INFO. FORM 11235. CITY WATER

248 CITY WATER

249 NEW SUBDIVISIONWITH CITY tmUTIES W. ON FR.96

250 OTHER WELLNEXT TO RED BARN

251

252

253

254

255

256 NO ANSWER

265 NO ANSWER

301 CALL EVENINGS.WILL BE BACKMONDAY.

302 DID NOT KNOW. PREVIOUSOWNER CHARLESNELSON

303 HOUSE 7 YEARSOLD. PREVIOUSHOUSE BURNED. AFTER 5PM.

304

305 OLD VACANTHOUSE, PROBABLY HAS ABANDONEDW.

306

307

308

309 PUMP SET AT 500'1

310 ABANDONEDWELL FILLED, WAS463'

311 IRON SULFlTES?

350 I NO ANSWER
'\:j

351 I NO ANSWER (\)
;:r

I
352 SHARES WELL WITH DORATHY JOHNS 621 W CURR (UNUSTED #)--
353 BAD ODOR UKE SOMETHING DIED-
354

355 SHARES WELLWITH NEIOHBOR. LOW OPINION OF STATE LABORATORIES
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MAP RESIDENTS RESIDENTS RES. PHONE

REF.# LAST NAME FIRST NAME M.I. NUMBER ADDRESS CITY ST. ZIP SEC TWN RNG
3'6 4 29 22
357 4 29 22
3'8 MCMANEMIN 833-432' 2941 W. SPRING CR. RD. SPRINGFIELD MO 6'803 34 30 22

3'9 HENLEY IRA 732-8234 34 30 22
360 ZIMMERMAN DAVE 833-4398 35 30 22
361 PIKER CHARLOTIE 833-1455 RT. 20, BOX 428 SPRINGFIELD MO 65803 35 30 22
362 4 29 22
363 KIRK GREG 833.5503 2864 W. SPRING CREEK RD. SPRINGFIELD MO 6'803 4 29 22
364 SNEED BEN 2675 SPRING CR. RD. WILLARD MO 65781 35 30 22

36' 4 29 22
366 TUMMGNS WILLIAMS 833-3176 4012 N. FUlBRIGHT SPRINGFIELD MO 6'803 3 29 22

367 GATELEY PHIL 833-4762 4083 N. FUlBRIGHT, RT. 20 SPRINGFIELD MO 6'803 3 29 22
368 KEU.Y GERRY 833-6460 2721 BONITA SPRINGFIELD MO 65803 4 29 22

369 KRASSER 4 29 22
370 2 29 22
371 UNUSTED 2930 W BONITA SPRINGFIELD MO 6'803 4 29 22
372 BOUTWEU. 39'1 3 29 22

373 3 29 22

374 SCHOOL 3 29 22

375 3 29 22

376 HICKS NORMAN B 833-1771 3'37 N. BOUVER RD. SPRINGFIELD MO 6'803 3 29 22

377 3 29 22

378 3 29 22

379 EASTS CATHERINE 833-1393 3'0' N. OLD BOUVER RD. SPRINGFIELD MO 6'803 3 29 22

380 MILLER ANN 833-49'9 344' N. BOUVER RD. SPRINGFIELD MO 6'803 3 29 22

381 IOHNES MELVIN R 833-1033 3427 OLD N. BOUVER RD. SPRINGFIELD MO 6'803 3 29 22

382 MONTooMERY 3 29 22

383 336' 3 29 22

384 833-2969 3260 3 29 22
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MAP WELL? TOTAL CASING YEAR CAN WE WATER OTImR STATIC WELL WELL
REF.# Y/N DEPTH DEPTH INSTAL. SAMPLE QUALITY WELL? WATERL. RECORD LOG

3'6

357

3'8 Y 6641 1 1 Y 1 N 1

359

360

361 Y

362

363 Y 1 1 1979 Y OK N 1

36-4 Y 480 232 1990 120 A20558

36'

366 Y '40 360 1989 Y OK N 1'0 REF.41082
367 Y '00 180 1987 Y BACTERIA N 90

368 Y '61 261 1991 Y OK N 1 A20399

369 Y

370

371 Y 280 1 198' Y BACTERIA N 1

372

373

374

375

376 Y 380 1 19'3 y OK N

377

378

379 Y >300 1 48.'0 Y OK N 1

380 Y 1 1 1 Y OK N 1

381 Y 550 1 19'01 Y OK N 1'0

382

383

384



MAP I
COMMENTS

REF.#-
I

- 356 NO ANSWER...
357 NO ANSWER

358 HOUSE BUILT 1929. HAS SALT AND FILTERSYSTEMS
g

359 HOUSE BEING BUILT

360 CALL AFTER 6:30 PM ()

361

I

DR PIKER OmCE /I 836.3S". THEY ARE SEPERATED

362 NO ANSWER
:i,;:

363

364 NO ANSWER

365 FOUNDATION. UNDER CONSTRUCTION

366 "!'J

367 OlD HOME SITE ACROSS RD WITH ABANDONED W. CONT. BUIlDER OF FOUNDATION

368 ABANDONED W ACROSS RD. DALE BORTER. OK TO SAMPLE?

369 CALL GARY KRASSER 833.2577

370 NO ANSWER

371

372 NO ANSWER

373 NO ANSWER. NEXT TO SCHOOL

374 CITY WATER

375 CITY WATER

376 CONTACT OWNER BEFORE SAMPLE. WANTS TO BE THERE

377 CITY WATER

378 CITY WATER

379 POSSIBLE WELL ON HICKS PROPERTY, /I 376

380

381 SHARES WELL WITH NEIGHBOR WHO IS NOT RESIDING

382 ABANDONED HOUSE HAS WELL USED BY ADJACENT HOME

383 NO ANSWER

384 CALL AFTER,pM


